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FOREWORD 

This report documents the first phase of An Analytical and Conceptual 
Design Study for an Earth Coverage Infrared Horizon Definition Study 
performed under National Aeronautics and Space Administration Contract 
NAS 1-6010 for Langley Research Center. 

This study provides for delineation of the experimental data required to 
define the infrared horizon on a global basis and for all time periods. 
Once defined, a number of flight techniques a re  evaluated to  collect the 
experimental data required. The study includes assessment of the 
factors which affect the infrared horizon through statistical examination 
of a large body of meteorological information and the development of a 
state -of -the -art infrared horizon simulation. 

The contractual effort was divided into numerous subtasks which a re  listed 
a s  follows: 

Infrared Horizon Definition - A State-of-the-Art Report 

Derivation of a Meteorological Body of Data Covering the Northern 
Hemisphere in the Longitude Region Between 60°W and 160°W from 
March 1964 through February 1965 

The Synthesis of 15p Infrared Horizon Radiance Profiles from 
Meteorological Data Inputs 

The Analysis of 15p Infrared Horizon Radiance Profile Variations 
Over a Range of Meteorological, Geographical, and Seasonal 
Conditions 

Derivation and Statistical Cornprison of Various Analytical Techniques 
Which Define the Location of Reference Horizons in the Earth' s 
Horizon Radiance Profile 

The 15p Infrared Horizon Radiance Profile Temporal, Spatial, and 
Statistical Sampling Requirements for a Global Measurement Program 

1 

Evaluation of Several ~ i s s i o n  Approaches for Use in Defining Ex- 
perimentally the Eartht s 15p Infrared Horizon 

Evaluation of the Apollo Applications Program Missions for an Earth 
Coverage Horizon Measurement Program in the 15p Infrared Spectral 
Region 

Computer Program for Synthesis of 15p Infrared Horizon Radiance 
Profiles 

Compilation of Computer Programs for a Horizon Definition Study 

iii 



Compilation of Atmospheric Profiles and Synthesized 15p Infrared 
Horizon Radiance Profiles Covering the Northern Hemisphere in the 
Longitude Region Between 60°W and 160°W from March 1964 through 
February 1965 - Par t  I 

Compilation of Atmospheric Profiles and Synthesized 1 5 ~  Infrared 
Horizon Radiance Profiles Covering the Northern Hemisphere in the 
Longitude Region Between 60W and 1 60°W from March 1964 through 
February 1965 - Par t  I1 

Horizon Definition Study Summary - Par t  I 

The study results for the first  five subtasks listed previously a r e  of consid- 

erable interest and warrant wide distribution to the scientific community. 

Honeywell Inc., Systems and Research Division, performed this study pro- 
gram under the technical direction of Mr. L. G. Larson. The program was 
conducted during the period 28 March 1966 through 10 October 1966. 

Acknowledgment is extended to GCA Corporation for their contributions on 
atmospheric physics and meteorology. Specifically, Dr. F. House and Mr. 
J. Mariano made significant contributions to the numerical analysis of pro- 
file synthesis. 

Gratitude is extended to NASAILangley Research Center for their technical 
guidance, under the program technical direction of Mr. L. Keafer and direct 
assistance from Messrs. J. Dodgen, R. Davis and H. Curfman, a s  well as 
the many people within their organization. 
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COMPUTER PROGRAM FOR SYNTEIESIS 
OF 15 p INFRARED HORIZON 

RADIANCE PROFILES 

By Robert W. Blencoe and Donald D. James  

SUMMARY 

The computer program for  synthesizing infrared radiance profiles from 
temperature profiles and corresponding pressure  profiles is defined. This  
program, designated CORPS (Comprehensive Radiance Profile Synthesizer), 
has numerous options which profiles the user  with extreme flexibility in 
studying the  effects of various atmospheric conditions on infrared radiance 
profiles. The mathematical model is developed using the P lass  and E l s a s s e r  
methods of computing atmospheric transmittance of particular gases. A 
number of other computational options a r e  also available to  ass is t  the user  
in examining combinations of atmospheric model variables. The complete 
coding information, input data, and output data is presented for the program 
user .  



A number of theoretical and experimental definition programs have been con- 
ducted in the past to  ass is t  in the development of horizon sensors for  space 
vehicle guidance and control. These programs have considered many of the 
factors which affect the infrared radiation emanating from the E a r t h ' s  hori- 
zon but, in general, have been hampered by the lack of a significant number 
of radiance profiles used in conducting statistical analysis of profile varia-  
tions. As a result,  the need persisted for  compiling a broad profile base  
of sufficient sample size to  obtain a high statistical confidence. Synthesi- 
zing radiance profiles can be accomplished from temperature profiles, but 
such a large task demands the use of computer facilities. 

It i s  also important to  examine the variation of the horizon radiance profile 
with respect t o  various factors which determine the profile. Implicit factors  
such a s  time, latitude, longitude, and various geomorphological and meteoro- 
logical conditions a r e  related to  radiance in a very complex way. There-  
fore, the study of variation due to these factors  must be conducted statisti-  
c ally. 

Certain atmospheric factors such a s  clouds, azimuth, refraction, Doppler 
broadening, and absence of local thermal equilibrium also affect the rad-  
iance profile. To  measure their effect, experiments must be conducted in 
which each factor is varied separately and the results  compared. 

The computational models for synthesis of radiance profiles must also be  
studied. Available a r e  the P l a s s  transmittance model, the E l sasse r  t r ans -  
mittance model, the choice of spectral  interval, the choice of tangent height 
resolution, and the choice of the approximations used to  describe tempera-  
ture  and pressure  input profiles. Again many controlled numerical experi- 
ments must be made t o  determine the best among these choices from the 
point of view of accuracy and computing speed. 

Many computer programming experiments and techniques analyses have been 
conducted; the results  of these studies form the basis  for the computer pro-  
gram for  synthesizing horizon radiance profiles discussed in this report .  
The total composite program has been identified a s  CORPS (Comprehensive 
Radiance Profile Synthesizer). 

The program CORPS provides an effective computing tool to perform the  
horizon definition study. It represents  a significant improvement in both 
accuracy and speed of radiance profile synthesis. More importantly, it 
makes available for the f i r s t  t ime a tool for the efficient study of the com- 
plete horizon definition problem. The user  can easily select input options, 
computational options, and output options which will provide the resul t s  
needed in a form that can be rapidly compared and analyzed. 

This report  describes the program in sufficient detail to allow the scientist  
to direct i ts use and to allow the computer programmer to  control, maintain, 
and modify i ts  performance. 



METHOD 

PHYSICAL PROBLEM 

The program calculates the radiance profile, N(HT), of the Earth's horizon 
- 1 

in each of 25 equal spectral  intervals from vl = 600 cm-' to v2 = 725 cm . 
Physically, a horizon radiance profile is generated a s  a radiometer "lookst' 
over a smal l  solid angle from a satellite, and scans from the center of the 
Earth toward the outer edge of the Earth 's  atmosphere. At each position of 
the scan line (see Figure I), there is a minimum distance from the scan line 
to the surface of the Earth. This  distance is called the virtual tangent height, 
HT, of the scan line and is the independent variable of a radiance profile. 

At negative virtual tangent heights, the scan line s t r ikes  the Earth's surface. 
At smal l  positive virtual tangent heights, the scan line just misses  the Earth 's  
surface and, therefore, passes through more  of the atmosphere. Due to 
this, the radiance at a small positive virtual tangent height is usually slightly 
larger  than i t  is for negative virtual tangent heights. As the scan line r i s e s  
and the virtual tangent height gets much l a rge r  positively, the radiance drops 
to nearly zero because the atmosphere is becoming l e s s  and l e s s  dense. Thus, 
i f  radiance versus virtual tangent height were plotted, the characteris t ic  shape 
of a radiance profile a s  shown in Figure 2 would be obtained 

In the spectral  interval vl = 600 cm-l  to v2 = 725 cm-', the only appreciable 

contributors to the radiation sensed by the radiometer a r e  carbon dioxide 
(C02), ozone (03), and water vapor (H20). Of these, C 0 2  is by f a r  the  most 

significant. 

MATHEMATICAL MODEL 

Summary 

The basic input to the radiance profile calculations is a temperature profile 
and a pressure  profile. F rom these data three  quantities a r e  computed a t  
each virtual tangent height and at each point s along the corresponding scan  
line (see Figure 1). They a r e  the optical depth u(H,, s )  the effective 

I 

temperature ?(H s) and the effective p ressure  P ( H ~ ,  s). F r o m  these  T ' - 
three quantities the transmittance T of each gas is computed for  each of 
the 25 spectral  subintervals. That is, 





Figure 2. Radiance Profi les  



The total transmittance for the atmosphere is obtained by 

Then the radiance N(HT, v ) for each wave number v and each virtual 

tangent height HT is computed by 

7 
0 

where 
9V 

B(V, T) = pv3/(e - I ) ,  

p = 1.19089 r erg  cm/sec/steradian,  

T = temperature at  the Earth's surface, OK, 
0 

transmittance from the Earth's surface to  the 
satellite i f  HT s 0, 
ze ro i f  H > 0 

T 

Finally, the radiance profile for the entire spectral interval is found using 

where F(v)  is a filter function to weight the wave number v. 



Calculation of u, T,  and 

The optical depth is calculated using 

where C (s) is the mixing ra t io  of carbon dioxide in pa r t s  pe r  million, 
C02 

Po = 1000 mb, and To  = 273. 0°K. The effective tempera ture  is calculated 

using 

The effective p re s su re  is calculated using 

Calculation of T 

There  exist two methods to compute the t ransmit tance of a radiating gas. 
The f i r s t ,  due to P l a s s ,  has  only been developed f o r  carbon dioxide. The 
second method, due t o  E l sa s se r ,  is somewhat l e s s  accura te  but can be  used 
to study all three  gases .  

P l a s s  method. -- The inputs a r e  the th ree  quantities u(HT, s ) ,  T ( H ~ ,  s), 

and P ( H ~ ,  s )  and eight coefficients which depend on wave number, Al(v). 

A (v) ,  B1(v), B2(v), Co(v). C1(v), C2(v),  and C3(v)- - (See Tables 1 and 2).  2 F i r s t  

F = log (u * p) e (11) 

i s  completed and then 





T A B L E  2. - T W E N T Y - F I V E  S P E C T R A L  SUBINTERVAL PLASS 
TRANSMITTANCE COEFFICIENTS 

Spectral  
Sub Interval 

6 0 5  - 6 0 5  C0 
6 0 0  - 6 0 5  4 1  
6 0 5  - 6 1 0  C0 
6 0 5  - 6 r 0  A l  
O f 0  - 6 1 5  C0 
6 1 0  - 6 1 5  Al 
6 1 5 - 6 2 0  8 0  
6 1 5  - 6 2 0  A 1  
6 3 0  6 2 5  CO 
6 3 0  - 625  A 1  
6 3 5  - 6 3 0  C0 
6 3 5  - 6 3 0  A 1  
6 3 0  - 6 3 9  CO 
6 3 0  - 6 3 5  A 1  
6 3 5  - 6 4 0  C 0 
6 3 5  - 6 4 0  A 1  
6 6 0 - 6 4 ' 5  C O  
$613 * 6 4 5  A 1  
6 4 5  6 5 0  C0 
6 4 5  - 6 5 0  A t  
65Q - 6 5 5  C0 
6 5 0  - 6 5 5  A 1  
6 5 5  - 6 6 0  CO 
6 5 5  - 6 6 0  A !  
6 6 0  - 6 6 5  C0 
6 6 0  - 6 6 5  A 1  
6 6 5  -. 6 9 0  C0 
6 6 5  - 6 7 0  A1 
6 7 0  - 6 7 5  C0 
6 7 0  - 67'5 A 1  
6 7 5  6 8 0  C0 
6 9 5  - aea  A I  
680  - 6 8 3  CO 
6 8 0  - 6 8 5  A 1  
6 8 5  - 6 9 0  CO 
BR5 - 6 9 0  6 1  
6 0 0  - 6 9 5  C O  
6 6 0  - 6 9 5  A !  
6C5 - 7 0 0  C0 
6 9 5  - 9 0 0  A 1  
7C0 - 7 0 5  C0 
9E0 - 9135 
705  - 7 1 0  C0 
905  * 9 1 0  A t  
9 1 0  - 9 1 5  C0 
9 1 0  - 7 7 1  AAl 
915  - 7 2 0  C0 
915  - 7 2 0  A1 
7 2 0  - 7 2 5  C8 
790  - 725  A 1  

=-.9(?99~ 1 4 1  
= . 9 C d S F - Q l  
= = . 9 0 6 6 ~  
E e 7 ~ o ~ e - n f  
=-,19l:F Ql 

. 3 5 0 0 F - q 1  
==.bjA06P ?(! 
= . 9 4 7 7 F - e l  
=-.Q70RF 
= .7466F-C)1 
== . t09AF  0 1  
= . 3 o a ~ ~ - n !  
=*.91?6F Od 
= . t 9 l ! F - q l  
= - . ~ 2 7 ? =  no  
= .1137AF-Qf 
=- .6124F-Ol  
= ,R37AF-?2 
= .ei2?6F 0 0  
s: .3873g-(?2 
= . A P ~ Z =  f jo 
=-.64JPF-P3 

. T ~ T P F  f jo 
=-.9Rbj<F-n2 
= .738CF q0 
=-.9P66F-Q2 
= . ISPIIF  f j l  
= - , !Pd9F-e2 
= *99P13F 1'10 
=- .3$6aF-Q2 
= . ~ Z T O F  no 
=-.3!9OF-c2 
= .,sOP6;F (?O 

. l 2 0 7 F - A 2  
= . 7 4 7 5 C - Q l  
= .A7AQF-(?2 
=-,9999F 0 0  
= . 1 0 9 A = - ~ l  
=s.T606F no  
= . c a t ~ ~ - n !  
=- . as0  t P no 
= .97BTF-(?I  
= = , ( 1 9 9 F  C1 
= . 9 7 2 9 F e 1  
=- , le ;P?F 0 i  
= . 9 T 7 A c - Q l  
= - *R97dP fJ0 
= * 9 4 7 9 p - n i  
= = * 7 5 ? 4 e  no 
= . 3 0 9 7 " - n l  

T r a  - 
t l  = .5345E 0 8  
A2 =-,354dF-bd 
C l  = .5439E 0 0  
A S  n-,3 lRSE-04 
C I  3 .5369E 0 6  
62 =-,3!0JE-04 
& I  " ,467BE Of? 
A ?  = ~ . 3 2 5 + E - 0 6  
r l  = .4881F 0 0  
A2 =-,325dE-04 
C l  .5237E 0 0  
A2 =-,2516E-04 
C f  @ ,925CE 0C 
A2 =-,309PE-64 
C 1  = .525BF 0 0  
A 3  = - , t f 3 T E - 0 4  
rt  = .5236E OC 
A2 =-.Q33qE-05 
C 1  .5209E 0 6  
A2 e - , 9 4 9 ¶ & * 0 5  
C1 = ,S49"E d C  
A2 = . 2 3 4 j F - 0 5  
C I  = .5657E 0 0  
A2 = .64WdE-CS 
e l  = .50d?F 0 0  
42 ,AOBdE-05 
C l  = ) Q 5 4 5 E  0 0  
A3 r .1769E-05 
C I  = .4893E 00 
C7 = , S I 4 6 € - 0 5  
C t  = ?596RE 0 0  
A2 = .J444E*05 
Pi % .5633F 0 0  
A2 = - , l lR !E -05  
E l  = .SbJ5E 0 0  
A2 9- ,4409E-05 
t l  = ,544JE 0 0  
A2 == , l J fRE-O4  
C t  .53OdE 0 6  
A ?  =-,911RE*Od 
Cf .S369E @ @  
A9 ~ - , 3 1 7 9 € - O A  
r !  3 .S319E 0 0  
A ?  =-,363PE-Od 
C l  ,5496E 0 0  
A9 *- .31%4E-84 
CI .4965E 0 @  
A2 e-,3QB(E-04 
t t  * d 5 7 5 E  0 0  
8 2  ~ - , 2 5 R 5 E - 0 4  

ients  

C S  = , t 7 5 4 f - 0 3  
8 2  = ,1970F-07  
C3 = 9 7 0 5 4 E - 0 4  
8 2  = 8 3 0 3 5 E - 0 6  
C3 = ,4015E-03 
€32 = .9423E-05 
C3 =*,5972E-03 
R 2  =-,6601E-06 
C3 = ,893JE-04 
BP = ,1682E-05  
C3 = . t Q 6 9 E - C 3  
8 2  = .12dAE-OS 
C J  = 16003E-03 
8 2  =-,3974E-06 
CS = ,A902E-03 
RP = . (052E-C6  
C3 = ,3125E-03 
€32 = ,139WE-06 
C3 = ,A480E*@3 
R2 = ,1608E-06 
C 3  = 3 1 2 3 4 E - 0 2  
8 2  =-,1662F-05 
C3 = ,3334C-02 
8 2  =-11000E-05 
C3 = ,7427E-03 
R 2  = ,4345E-05 
C3 =-,1627E-03 
8 2  a r b  7 4  19E-05 
C3 = ,33@4€-07 
R2 =- ,3058E-05 
C3 = ,1371E-07 
8 2  = ? 6 4 5 9 E - 0 6  
C3 6 .109BE-02 
8 2  = ,1942F-05  
C3 a ,1087E-02 
8 2  =-,6662E-05 
CJ = .5822F-03  
R2 = , $ 5 6 5 E - 0 5  
C3 = ,6003E-03 
8 2  a .9322E-05 
C3 = ?Q480E-Q3 
W2 = 1 $ 1 8 4 E - 0 5  
C3 = ,4863E-03 
8 2  = . f A 4 0 E - 0 5  
C3 = , f 4 8 8 F - 0 3  
W2 = , 5 8 3 i E - 0 6  
C3 =1,1930E-03 
BZ = ,1159E-05 
C3 =-, 8052E-OJ 
R 2  *- .3843E-07 



and finally, 

E l sasse r  method. -- The computation of T for  each gas will b e  dis- 
cussed separately. F o r  ozone, first a "reduced" optical depth u* is compu- 
ted using 

where C is the mixing rat io for ozone. 
0.2 
0 

Next, a value of the logarithm of the generalized absorption coefficient I; 
depending on the value of v is obtained f rom Table 3. 

Finally T (HT, S, V )  is computed by forming the sum, 
O3 

and using linear interpolation and Table 4. 

Again, a "reduced" optical depth u*: (H s) for  H 2 0  is calculated using T ' 

where C 0 (s) is the mixing rat io fo r  water vapor. Next, a value for  
H2 

loglOio i s  obtained from Table 5. 

The value obtained for log is now corrected for temperature effects 
using the formula 10 o 



TABLE 3. - GENERALIZED ABSORPTION COEFFICIENTS FOR OZONE 

TABLE 4. - TRANSMITTANCE TABLE FOR OZONE 



TABLE 5. - GENERALIZED ABSORPTION COEFFICIENTS 
FOR WATER VAPOR 



where T(s )  is the effective temperature computed ea r l i e r  using formula (9). 
After the sum 

is formed, the "band" water vapor transmittance, T BAND is obtained, 
using l inear  interpolation, from Table 6. 

Next, a corrected water vapor continuum absorption coefficient, depending on 
the value of the wave number, v , must be  obtained from Table 7. 

Finally, the water vapor continuum transmittance is computed using 

7 

H2° 
CONT. = exp(-Ku:~), 

and then the transmittance of water vapor using 

TABLE 6. - BAND TRANSMITTANCE TABLE FOR WATER VAPOR 

L o g  + L O ~ ~ ~ L  Log1 + L o g  l 0 L  rH band 

0.8711 

0. 8556 

0 .8384 

0.8194 

0. 7984 

0.7753 

0. 7500 

0. 7225 

0. 6928 

0. 6610 

0. 6272 

0. 5915 

0. 5541 

0. 5152 

0. 4750 

0. 4338 

0. 3919 



TABLE 7. - CORRECTED WATER VAPOR CONTINUUM 
ABSORPTION COEFFICIENTS 

Now consider the calculation of transmittance for carbon dioxide. As with 
the other gases,  f i r s t  a " reduced" optical depth u* (HT, s )  is computed using 

where C 
COO (s) is the mixing rat io for carbon dioxide. Next the common 

logarithm of u* (HT, S) is computed and a new value for it  is obtained 
c02 

using linear interpolation and Table 8. 

Next, depending on the value of the wave number v, the logarithm of the 
generalized absorption coefficient q, is selected from Table 9. 

Finally, the sum. 
New value of ~ o g ~ ~ u *  + L O ~ ~ ~ L ,  

is formed and the transmittance of carbon dioxide, T~~~ (HT, S, YJ) is compu- 
ted using linear interpolation and Table 10. 

NUMERICAL ANALYSIS 

To compute the various integrals described in the las t  section, the atmosphere 
of the Earth i s  broken into n concentric shells,  not necessari ly evenly spaced. 
Let Z1, Z2,. . . , Zn+l = 0,  be the altitudes in krn of the shell boundaries above 



TABLE 8. - CORRECTIONS FOR REDUCED OPTICAL DEPTH 
OF CARBON DIOXIDE 



TABLE 9. - GENERALIZED ABSORPTION COEFFICIENTS 
FOR CARBON DIOXIDE 



T A B L E  10. - TRANSMITTANCE TABLE FOR CARBON DIOXIDE 

T 
co2 

0. 3428 

0. 3075 

0.2727 

0. 2389 

0. 2066 

0. 1763 

0. 1484 

0. 1230 

0. 1002 

0. 0801 

0. 0627 

0. 0480 

0. 0360 

0. 0266 

0. 0196 

0. 0147 

0. 0113 

0. 0089 

0. 0071 

0. 0056 

0. 0042 

0. 0028 

0. 0014 

0.0000 

L0gl0u::; + L0gl0L 

-5. 2 

-5. 1 

-5. 0 

-4. 9 

-4. 8 

-4. 7 

-4. 6 

-4. 5 

-4. 4 

-4. 3 

-4. 2 

-4. 1 

-4. 0 

-3. 9 

-3. 8 

-3. 7 

-3. 6 

-3. 5 

-3. 4 

-3. 3 

-3. 2 

-3. 1 

-3. 0 

-2. 9 

-2.  8 

C02 

0.8972 

0.8879 

0.8790 

0. 8674 

0.8561 

0.8440 

0.8310 

0. 8170 

0. 8019 

0. 7856 

0. 7680 

0. 7491 

0. 7288 

0. 7071 

0. 6839 

0. 6592 

0. 6330 

0. 6053 

0. 5762 

0. 5458 

0. 5142 

0. 4815 

0. 4478 

0. 4133 

0. 3782 

L0gl0uir + Logl  oL 

-0. 2 

-0. 1 

0. 0 

0. 1 

0. 2 

0. 3 

0. 4 

0. 5 

0. 6 

0. 7 

0. 8 

0. 9 

1 .  0 

1. 1 

1 . 2  

1. 3 

1. 4 

1. 5 

1. 6 

1. 7 

1. 8 

1.  9 

2. 0 

2. 1 

Tco2 

1. 000 

0.9997 

0. 9991 

0. 9982 

0. 9970 

0.9955 

0.9937 

0. 9916 

0. 9892 

0. 9865 

0. 9835 

0. 9802 

0. 9766 

0. 9727 

0. 9685 

0. 9639 

0. 9590 

0. 9538 

0. 9482 

0. 9422 

0. 9358 

0. 9290 

0. 9218 

0. 9141 

0. 9059 

Logl  + L o g  l o t  

-2. 7 

-2. 6 

-2. 5 

- 2 . 4  

-2. 3 

-2. 2 

-2. 1 

-2. 0 

-1. 9 

-1. 8 

-1. 7 

-1. 6 

-1. 5 

-1. 4 

-1. 3 

-1. 2 

-1. 1 

-1. 0 

-0. 9 

-0. 8 

-0. 7 

-0. 6 

-0. 5 

-0. 4 

-0. 3 



the surface of the earth. i t  is assumed that the temperature and p ressure  
of the atmosphere a r e  given a s  input data at these n+l altitudes. Denote 
these values by TI,  T2, . . . , Tn+l and PI, P2, . . . , Pn+l. The average tem-  

perature and pressure  over each shell is obtained and stored using 

PAV = 112 (T. + Tj+l) 
j J 

When refraction is included, the scan line will bend a s  it passes through the 
atmosphere, giving a r e a l  tangent height H,. Therefore, when refraction is 

1. 

included, the a r c  length variable, s must be measured along this bent path 
(see Figure 3) .  It is assumed that the index of refraction, q is coilstant 
within any shell and is equal to the average index of refraction of that shell. 
Refraction with and without considering water vapor was studied to  determine 
the perturbations in the resulting horizon radiance profiles. The total ref rac-  
tion effect on the horizon radiance profile was negligible, but it was decided 
to include dry  a i r  refraction a s  a computational option a s  it was the major 
factor  of the refraction effect. Then ri. for dry a i r  is computed using 

3 

7 7 . 5 2 6  x l o m 6  x PAV. 

'j 
= 1 +  

TAV 
j 

Denote by Asi the portion of the refracted scan line within the jth shell, that 
J 

is, the portion of the scan line between the altitude Z .  and the altitude Zj+l. 
3 

Then As .  i s  computed using 
J 

This equation for As, holds for  al l  shells except the one shell where the  
J 

refracted scan line does not c ross  the shell but ra ther  enters and leaves the 
shell ac ross  the same boundary. Call this shell the ith shell. F o r  this shel l  
As. is computed using 

1 



Figure 3 .  Scan Line Geometry 

1 9  



- 
Next, the optical depth u ;  the effective temperature T, and the effective 
pressure  P for the jth shell  a r e  computed using the formulas 

and 

where 

To 
j PAV.  

u =------ Cco2(zi) A S ~ ,  j Po 
i= 1 

Formulas (24), (25), and (26) a r e  the numerical analogs of the formulas ( B ) ,  
(9)' and (10). 

Using the quantities u, T and P .  the transmittance T . is computed f o r  
j' J' J 

the jth shell following the steps given in the last  section. Finally, the radiance 
at the tangent height H from the spectral  interval v is computed by 

T t 

N(HT' vt) = B(V*, TAV.) AT. + B(vt, To).r0 
J J 

j= 1 



where 

.K = number of shel ls  t raversed  by the scan  line corresponding t o  H T 
and 

AT.  = 4 - 
3 j ' j + 1 ~  

and then the total radiance is found using 
K 

where 

K = number of spec t ra l  subintervals considered, 

- 1 
Avk = number of c m  i n  the 8th spec t ra l  subinterval.  

DOPPLER BROADENING 

Doppler broadening is a correct ion to  the t ransmit tance which is available 
only when the P l a s s  C 0 2  t ransmit tance model is used. Denote TCO (HT, S, V) 

2 
the value of transmittance given by this model. The correct ion is computed 
using - -7 

where u and T a r e  the optical depth and effective temperature.  T h e  values 
of SUMY a r e  found by l inear  interpolation in  Tables  11 o r  12. The  tab les  a r e  
given fo r  effective tempera tures  of 200°K, 250°K, and 300°K. Linear  extrapo-  
lation is used for  effective tempera tures  below 200°K. 

ABSENCE OF LOCAL THERMODYNAMIC EQUILIBRIUM 

The correct ion for  absence of local  thermodynamic equilibrium is made t o  the 
Planck black body function B(v, T )  defined by equation (6). T h e  cor rec t ion  
is the multiplication of B a t  each shel l  by the factor 6/(6+X) where 
6 = 0.412 seconds and 
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TABLE 1 2 .  - PLASS DGPPLER TABLE, TWENTY -FITJE: 
SPECTRAL SUBINTERVALS 

Spectral 
Sub. Int. ' (200°K) 

.lS5JOOOOE-O3 .4912QOflOE-03 ~99Q70OOOE-03 

.5988OOOOE-03 ,4289t?OooE-g3 .oooOooooE 001 600 - 605 

.lS3~OOOOE-O3 .48640000E-03 .582+000OE-03 
; 7 5 ~ 5 o o o o ~ - o 3  .1094~000E-Q2 . 00000000~  00 1 605 - 610 
.1298OOOOE-O3 ,404ZnOOOE-03 .61190OOOE-03 . i l 2 7 a o o o ~ - o ~  . 4 6 3 s ~ o o o r - g 3  . f a a 6 0 0 0 0 ~ - 0 4  1 610 - 615 
. i ! s a o o o o ~ - 0 3  . ~ 7 0 2 n o n o ~ - ~ 2  . d a p ~ o o o a ~ - o r  
,405AOOOOE-07 .OOOOQO~OE 00 .OOOOOOOOE 00 1 615 - 620 
,1717OOOOE-03 ,54300090E-03 .13670000E-02 
. I  t5QoOOOE-02 . A669QonoE-pJ . oooooooo~  oo 1 620 - 625 
,382AOOOOE-03 .12OQ~OOOE-Q2 .1989OOOOE-02 
,26650OOOE-07 p 1 ? A 1 ~ 0 0 0 E - ~ 2  .OOn000ooE 001 625 - 630 
r8003000OE-03 .1809flOOOE-02 .19690000E-BP 
, 4 ~ 2 a o o o o ~ - o z  . 9 ~ a s ~ o o o ~ - ~ 3  . o o ~ o o o o o ~  o o l  630 - 635 
.142JOOOOE-O2 e24120000E-02 .29790000E-07 
. ~ ? 0 ~ o o o a ~ - o 2  .OOOOQOOOE go .oaanooooE o o l  635 - 640 
-1l3nOOOOE-07 .2003DOOOE-02 .369n000OE-09 
.531ROOOOE-02 .3984QOflOE-Q2 .OO~OOOOOE 001 640 - 645 
,409QOOOOE-09 .63500000E-02 .851800OOE-02 
,7a2aooooE-oz .3assooooE-Qz .ooanooooE 001 645 - 650 
,ff3660000€-0? .3506QOOOE-02 .369OOOOOE-02 
.408QOOOOE-02 .1352QOOOE-(16 . 006Q0000~  001 650 - 655 
,19AQOOOOE-O2 .3?9OQOnOE-Q2 .368!OOOCE-€12 
. 6 ~ 5 ~ 0 0 0 0 E - 0 2  .70OOQ000E-"2 . 0000000~E  001 655 - 660 
9359f0000E-02 .8556BOnOE-Q2 .lA200ROOE-01 
,490OOOOOE-02 .7000QOflOE-Q2 .OOCOOOOOE 001 660 - 665 
.94540OOOE-O2 .13A3000OE-Q1 .1239OOOOE-01 
; 11 3 5 8 0 0 0 ~ - 0 ,  .VOOOQOOOE-Q2 .OOOtlOOOOE OOl 665 - 670 
.16?00000E-07 ,396AQOBOE-02 .369400OOE-09 
. ~ * 4 ~ o o o a ~ - o 7  .7OOOgO0OE-Q2 .oooooooaE an1 670 - 675 
t155QOOOOE-O? ,306C lf3OOE-02 .3399OOOOE-02 
,48510000E-02 .1000o00OE-Q2 .00000000E 001 675 - 680 
.133SOOOOE-02 .2742OOflOE-Q2 .3l!OOOOOE-02 
,4790000OE-02 .700000OOE-Q2 .OOOfl000OE OCi 680 - 685 
~lOO7OOOOE~O3 el862QOflOE-02 .21950000E-02 
.5,2ooooo~-o2 . so9oQ3noE-an .aoanooooE oat 685 - 690 
.8158BOOOE-03 .1257OOOOE-Q2 .219fOOOOE-02 
; 14590000~ -02  . I 1  39000OE-Q2 .OOpnOOOOE 00 1 690 - 695 
.7tO8OOOOE-O3 .92490000E-Q3 .16090000E-02 

l8490000E-02 .16281)000E-02 .OOOflOOOOE OR] 695 - 700 
.9A170OOOE-03 .1027OOQOE-02 .12690000E-02) 
,33540000E-02 .243300fIOE-02 .00000000E 001 700 - 705 
.50950000E-03 ,1195QOOOE-02 . l l34000OE-03 
119?70000E-02 ,2015oOoOE-Q3 .OOOOOOOOE 0 0 1  705 - 710 
.266SOOOOE-03 .84290OnOE-03 . l l6400OOE-02 , t o o s o o o a ~ - 0 2  . 1 5 g s ? a o o ~ - ~ 2  .oaanoooae o o \  710 - 715 
,2857OOOOElO3 .QOfC4000OE-03 .1744000OE-02 . i p 5 2 o o o a ~ - o ~  . 6969oono~ -gs  . oooooooo~  o o t  715 - 720 
-1J780000E-02 .30710000E-02 .30990000E-02 
~320~OOOOE-09 .3498QOflOE-Q3 .OOOn0000E 00 1 720 - 725 (2500K) 
.3633OOOOE-03 .9019flO0OE-Q3 .bbOIOOOOE-03 
, ld590000E-02 ,PO9QbOOOE-Q3 .1359000OE-03 1 '0° - '05 
.3185OOOOE-03 .692500C)OE-03 -9lOAOOOOE-03 6 ~ 5  - 610 
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AZIMUTH OPTION 

The usual model for radiance calculation uses  a s  input only one temperature 
profile and one pressure  profile. The azimuth option allows the u s e r  to study 
the effect of having the scan line pass through two different se t s  of input pro-  
files (see Figure 4). F o r  a given angle @, calculate the altitude ZTST a t  
which the atmosphere must be changed from temperature and p ressure  pro-  
files number one to temperature and p ressure  profiles number two. As the 
scan line is followed doing the usual calculations with atmosphere number one 
a s  input, the altitude ZTST is encountered. The data of the two atmospheres 
for  the shel l  containing ZTST a r e  averaged to allow a smoother transition 
from the f i r s t  atmosphere to the second. Using this averaged data, the  cal- 
culations for  that shell  a r e  completed. When the next and successive shel ls  
a r e  considered, the data from the second atmosphere is used exclusively. 

When the next tangent height is considered, atmosphere number one is again 
used to begin the calculation, and a new altitude ZTST is calculated. 

At each tangent height, the altitude ZTST is computed using 

where t) i s  in radians. 

TRANSMISSIVITY GATE 

Under this option, at each shell, the total transmittance is calculated a c r o s s  

the complete spectral  interval v = 600 cm-1 to v2 = 725 cm-l .  If, in a 1 
given shell, this total transmittance is l e s s  than a given value I- 

gate it  is 

concluded that further calculation down the scan line can be neglected since 
all  radiation beyond that point is nearly al l  absorbed. That is, if  

the iteration on shells is ended and the computation with the next tangent 
height is begun. 





CLOUD STUDY OPTION 

This option uses  essentially the s a m e  procedure as in the t ransmissivi ty  
gate option. The calculations along a given scan  l ine a r e  continued until a 
cloud is encountered a t  some  altitude. Then the shel l  i terat ion is ended and 
a new tangent height sought. This a s sumes  that a l l  radiance produced beyond 
the cloud has  been absorbed by the cloud. The cloud altitudes a r e  r e a d  in  a s  
input data. 

USAGE 

It is important in  any scientific study to  use  a controlled experiment t o  fu r -  
nish data upon which the analysis is to be performed,  It  was with th i s  i n  mind 
that program CORPS was written. P r o g r a m  CORPS was designed t o  synthe- 
s i ze  horizon radiance profiles of the Ea r th  to  study cause and effect r e l a -  
tionships between atmospheric  phenomena and variations i n  the horizon pro-  
file i n  the carbon dioxide band, 600 cm-1  t o  725 c m - l ,  

CORPS provides a s imple system with which the u s e r  can study des i red  
variables in  the atmospheric  model in  many combinations. The available 
combinations of computational options a r e  graphically presented in  Table 13. 
To  include an  option in  the computations, the use r  en t e r s  the integer one (1) 
into the appropriate column of the computation option control card  ( s e e  input data  
section). Columns for  unused options a r e  left  blank. Illegal option combinations 
will be  detected and common output will indicate that an e r r o r  in  option se l ec -  
tion has been made. Since Doppler broadening cannot be used with any of the 
three E l s a s s e r  transmittance models,  if any of these combinations a r e  selected,  
CORPS will proceed with the calculations ignoring the reques t  for  Doppler 
broadening. 

BASIC PROGRAM STRUCTURE 

Input 

All input data for  a l l  computational options a r e  always r e a d  in except fo r  
azimuth and cloud data. AZIMUTH AND CLOUD DATA ARE READ IN ONLY 
WHEN THESE OPTIONS ARE INCLUDED. All input data a r e  then converted 
into proper  units, a l l  constants a r e  set ,  and the i terat ions a r e  initialized. 
Atmospheric tempera ture  and p re s su re  data a r e  r ead  in. Th i s  defines al t i -  
tudes for  a s e r i e s  of shel ls  i n  each of which the tempera ture  and p r e s s u r e  a r e  
constant. These  artificial  shel ls  a r e  then used to  approximate the t empera tu re -  
p re s su re  variations in the actual atmosphere.  



TABLE 13. - AVAILABLE COMBINATIONS O F  COMPUTATIONAL 
OPTIONS 



Computation 

Each virtual tangent height i s  taken in  sequence f rom t h e  table of input 
data and the iteration along the resulting scan line f rom the near  edge of the 
atmosphere i s  initiated ( see  Figure I ) .  As  the i terat ion proceeds along the 
scan  line, the following a r e  calculated for  each shel l  the scan  line t raverses :  

e The path length, As, within the shell  

e Average shel l  t empera ture  TAV 

e~ Average shel l  p re s su re  

e The effective shel l  temperature 

e The effective shel l  p re s su re  

e Running total of the optical depth 

e Running total of the t ransmissivi ty ,  r 

e Running total of the spec t ra l  subinterval 
radiances,  N(HT, v), for  each of the NN 
spec t r a l  subintervals  

PAV 

TBAR 

PBAR 

U 

TAUCOR (NQ) 

RT2(NQ) 

Output 

When a l l  vir tual  tangent heights have been processed,  the program wri tes  out 
the radiance profile i t  has  just calculated and r eads  in  another s e t  of atmo- 
spheric  temperature and p re s su re  data to  begin another radiance profile 
computation. When the final s e t  of a tmospheric  tempera ture  and p r e s s u r e  
data has  been processed,  the program stops. F o r  a graphical description of 
the computational procedure,  s e e  F igure  5. 

COMPUTATIONAL OPTIONS 

Computational options a r e  graphically presented in Table 13, F o r  CORPS 
t o  use  the options correct ly ,  the u se r  mus t  be  cer tain that appropriate  input 
data a r e  ready  and in proper  order  to  be  r ead  in  by the program. Standard 
data sequence and common data values a r e  given in  Section 5. The  discussion 
he re  gives data that a r e  required for  the individual computations options. 

NOTE: THE DATA FOR ALL THE OPTIONS EXCEPT AZIMUTH 
AND CLOUDS MUST BE READ IN EACH TIR/IE THE PRO- 
GRAM IS R U N  REGARDLESS O F  WHICH OPTIONS ARE 
SELECTED. 



CALCULATE DS (I), 
TAV (I), PAV (I), 
TBAR (I), PBAR ( I ) ,  
TAUCOR (NQ) AND 
RTZ (NQ), NQ = l..,,NN 

HIT THE EARTH 

A L L  TEMPERATURE- 
PRESSURE DATA 

SET UP SHELL 
ITERATION 

Figure 5. Abbreviated Flow Chart of Basin Program 



Standard P rogram 

i h e  standard program contains only the basic  methods used in  calculating the 
radiance profile. Data needed for  the basic  calculation i s  given below: 

Pa rame te r  Description 

DES Run description o r  t i t le 

Fo rma t  

18A4 

NN Number of spec t ra l  subintervals I3 

M Number of tangent heights I3 

HT Table of vir tual  tangent heights,  km 24F3.0 

- 1 
DV Spectral  subinterval widths, cm lOF2.0 

CO, C1, C2, C3 8 W N  values of P l a s s  t ransmit tance (16x, 5(E10.4, 6x)) 
A 1, A 2 ,  B1, B2 coefficients ( see  Tables 1 and 2) 

WAVEL NN values of the center  points of the 5E15.8 
spec t r a l  subintervals 

MA 1, . . . , MA 11 Computational options 1111 

Table of C 0 2  concentration a s  a 5E10.4 
function of altitude, 1 km resolution 

FILTER Radiance summation f i l ter  5315.8 

Table of atmospheric tempera ture  F4.1 
data  a s  a functi-on of altitude, km 

Table of atmospheric p re s su re  data  E10.4 
a s  a function of altitude, .mb 

Z Altitudes , km F3.1 

N Number of atmospheric data points I4 

LABEL Numeric  label of a tmosphere 

The remainder  of the standard data a r e  constants and a r e  t reated a s  con- 
s tants  i n  the program. They a r e  l isted in  the table of coding variables.  
Examples a r e  standard temperature,  T = 273.0 (OK), and s tandard p r e s -  
su re ,  Po = 1000 (mb). 0 



Parame te r  Description 

NOHTS Number of cloud altitudes 

Form at 

12 
C 

NCLOUD Table of cloud altitudes (km) E10.4 

The Transmissivi ty  Gate 

The t ransmissivi ty  gate allows the iteration along the scan  line to te rmina te  
when the sum of spec t ra l  transmittances is l e s s  than the s e t  value of TAU- 
GATE. It is assumed that all radiation beyond this point is s o  smal l  that i t  
can be neglected. The format  for  TAUGATE is E10.4. 

The Refraction Option 

The refract ion option requi res  no ex t ra  data. 

The  Azimuth Option 

The azimuth option requi res  the angles,  q, at which the atmosphere is chan- 
ged to the second s e t  of temperature and p r e s s u r e  data. This  second s e t  of 
temperature and p re s su re  data mus t  a l so  be r ead  in. 

Pa rame te r  

NPSI Number of Azimuth angles to be r ead  in  I2 

PSI Table of Azimuth angles,  18F4.1 

T Second s e t  of atmospheric tempera ture  F4 .1  

P r e s s u r e  data a t  the  savne altitudes a s  the 
f i r s t  s e t  

Local Thermal  Equilibrium Option 

The local thermal  equilibrium option requi res  no  ex t ra  data. 

Doppler Broadening 

Pa rame te r  

A 

B 

TBL 

Ten arguments of u for  the table 

F orm at 

5E15.8 

Three  arguments of '%' for the table 5Ef 5 .8  

3 x 10 x NN elements of the table 5E15,8 



P l a s s  Carbon Dioxide Transmit tance Option 

The P l a s s  cai-bon dioxide ti-msmittance option is commonly used as the stan- 
dard t ransmissivi ty  calculation for  carbon dioxide. F o r  a description of the 
data  required,  s e e  subsection on s tandard program. 

E l sa s se r  Carbon Dioxide Transmit tance Option 

P a r a m e t e r  Description Forma t  

BARLC Generalized absorption coefficients, 5E15.8 
( s e e  Table 9) 

CORLU, Correct ion for  the reduced optical depth 5315.8 
CORLUA ( see  Table 8) 

TRANAC, Transmit tance table ( s ee  Table 10) 
TRANSC 

E l s a s s e r  Water Vapor Transmit tance Option 

P a r a m e t e r  F orm at 

BARLH Generalized absorption coefficients 5315.8 
( see  Table 5) 

CONTUM Corrected continuum absorption coefficients 5E15.8 
( see  Table 7) 

TRANAH, Band t ransmit tance table ( see  Table 6 )  5315.8 
TRANSH 

E l s a s s e r  Ozone Transmit tance Option 

P a r a m e t e r  

BARLO Generalized absorption coefficients 
( s ee  Table 3 )  

TRANAO, Transmit tance table ( s ee  Table 4) 
TRANS0 

Weighting Function Option 

Forma t  

The weighting function option r equ i r e s  no extra  data. 



COMMON O U T P U T  

The commori output contains run  t i t les ,  n ~ r r n a l  program listing, var ious 
flags, and special  option output such a s  weighting functions. F o r  details 
s e e  the section on output data. The common output f lags a r e  a s  follows: 

Stop 77 - Logical End 

Illegal Option Combinations - Azimuth, Clouds 

Illegal Option Combinations - Azimuth, Weighting Functions 

Illegal Option Combinations - Weighting Functions, Clouds 

Illegal Option Combinations - P l a s s  COZ, E l s a s s e r  C 0 2  

OUTPUT OPTIONS 

The program computes two types of radiance profiles,  spec t ra l  subinterval 
radiance ve r sus  tangent height and total radiance ve r sus  tangent height. These  
two types of profiles can be  obtained in any o r  a l l  of th ree  ways, magnet ic  
tape output, common output, or plotted output. F o r  a description of the sub- 
routine PLOT, s e e  Appendix A. To  obtain a cer tain output option, integer  
one (1) is put i n  the appropriate column of the output option control ca rd  ( see  
input data sect ion) .  C a r e  must  be exercised in being cer ta in  that a t  l ea s t  one 
type of output i s  specified. If none of the output options is specified, the pro-  
g r a m  will not wr i te  anything out. 

RUNNING TIMES 

P r o g r a m  running t ime va r i e s  with the number of shel ls  in  the atmospheric  
data, the number of tangent heights, the number spec t r a l  subintervals,  the 
number and type of computational options, and the number and type of output 
options. Running t imes  observed during the use of CORPS a r e  given in  
Table 14. 

Computational Requirements  

The CORPS program language is FORTRAN IV and the l i b ra ry  subroutines 
required a r e  a s  follows: 

@ ALOG - logex 

cs EXP - eA 

3 4 
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e COS - cosine (x) 

e S Q R T -  fi 
o ABS - 1x1 

The program uses  18 000 m e m o r y  locations and needs a t  l e a s t  one input unit 
and one output unit for  i t s  operation, which a maximum of two input units and 
four output units. 

Variable  unit ass ignments  a r e  as follows: 

e L1 -Commoninput  

L2 - Common output 

o L3 - Atmospheric tempera ture  and p r e s s u r e  da ta  (input) 

e L4 - NN spec t ra l  subinterval radiances (output) 

e L5 - Total radiance (output) 

e L 6 - N o t u s e d  



CODING INFORMA TION 

FIXED POINT VARIABLES 

I 

NQ2 

NQQ 

NQ3 

MA 1 

MA 2 

MA 3 

MA4 

MA 5 

MA 6 

MA 7 

MA 8 

MA 9 

MA 10 

MA 11 

NUMHTS 

111 

NPSI  

IQ 

IEND 

IA BC 

Variable  unit symbol  for  common input 

Variable  unit symbol  for  common output 

Variable  unit symbol  fo r  tape input 

Variable  unit symbol  for  spec t ra l  interval  output 

Variable unit symbol for total  radiance output 

Variable unit symbol  not assigned 

Number of spec t r a l  subintervals 

Number of vir tual  tangent heights 

Index for input and fo r  scan line i terat ion 

Input index for  Doppler tables 

Input index for  Doppler tables  

Input index fo r  Doppler tables  

Computation option - cloud study 

Computation option - t ransmissivi ty  gate  

Computation option - refract ion 

Computation option - azimuth study 

Computation Option - local  therm a1 equilibrium 

Computation option - Doppler broadening 

Computation option - P l a s s  C 0 2  

Computation option - E l s a s s e r  C 0 2  

Computation option - E l s a s s e r  H 2 0  

Computation option - E l s a s s e r  O3 

Computation option - weighting functions 

Number of cloud alt i tudes 

Index for  sett ing Doppler effect t o  z e r o  

Number of azimuth variation i terat ions 

Cloud i terat ion index 

Index on the number of a tmospheres  processed 

Azimuth variation i terat ion index 



N 

LABEL 

ITT 

JJ 

ICCC4 

ER 

I A 

IB 

M3 

IENDD 

IC 

JC  

MM 

I 0  

IL 

NDL 

ND 2 

NSHELL 

L 

LL 

NQ 

MM2 

INDEX 

IND 

J 

K 

IJ  

M3M 

MBl 

MB2 

MB3 

MB4 

Number of shell  in atmosphere 

Atmosphere identification 

Subscript denoting azimuth atmosphere 

Index fo r  the tangent height i teration 

Shell index constant 

Progress iona l  index for  Doppler interpolation 

Optical depth argument  for  Doppler table 

Effective temperature index for Doppler table 

Index f o r  scan  line i terat ion leaving atmosphere 

Maximum number of shel l  for  scan  l ine i terat ion 

Indicator for  scan  l ine i terat ion at tangent height altitude 

Indicator for  center shel l  at  tangent height altitude 

Equal number of shel l  minus 1 

Following index for  shel l  boundary i n  s can  line i teration 

Leading index 

Exit for  Block 100, she l l  data calculation 

Exit fo r  Block 200, t ransmis  sivity and radiance calculation 

Number of shel ls  t raversed  in  scan  line i terat ion 

Index in gas concentration table look-up 

Index in gas  concentration table look-up 

Utility index 

Index in initializing t ransmit tances to  z e r o  

General Doppler table look-up index 

Equals INDEX plus 1 

Index on optical depth look-up in Doppler table 

Index on effective temperature look-up in  Doppler table 

Index on radiance summation 

Equals m t imes  NN 

Spectral subinterval radiance common output 

Spectral subinterval radiance plotted output 

Total radiance common output 

Total radiance plotted output 



FIXED POINT ARRAYS 

The program contains no fixed point a r r ays .  

REAL SINGLE VARIABLES 

TAUGAT 

TO 

THETA 

R E  

R1 

T2 

P O  

Q 
H 

RH 

PAV 

TAV 

ETA 

S 2 

ZPREV 

PSUM 

SU 

TSUM 

USUMO 

USUMH 

USUMC 

SN 

PSS 

CPSS 

HPRE 

Z TST 

ZBAR 

P T  

Transmissivi ty  gate 

Tempera ture  a t  s tandard conditions 

Constant in Planck black body calculation 

Radius of the Ea r th  (cm)  

Constant in  Planck black body calcuation 

Constant i n  Planck black body calculation 

P r e s s u r e  a t  s tandard conditions 

Indicator for  boundary condition 

Vir tual  tangent height being used in i teration (cm)  

(RE + H ) ~  

Average shel l  p r e s s u r e  

Average shel l  t empera ture  

Refraction effect value 

Previous optical path length 

Previous  shel l  altitude 

Effective p r e s s u r e  summation 

Total  optical depth 

Effect tempera ture  summation 

O3 U::< sum calculation for  E l sa s se r  

H 2 0  U:g sum calculation for  E l s a s s e r  

C 0 2  U* sum calculation for E l sa s se r  

Differential s ign for  s can  line i teration 

Azimuth angle being used 

Cosine of PSS 

Tes t  altitude for  azimuth calculation 

Average shell  altitude 

Standard condition for  tempera ture-pressure  ra t ios  



SPHI 

S 1 

DZ 

DS 

AL 

WWW 

DU 

TBAR 

PBAR 

COG 

ARGB 

ARGA 

AA 

FUN 

EER 

R A 

SLOPE I 

CONSTl 

v 1  

SLOPE 2 

CONST 2 

V2 

RB 

YBAR 

Y 

TPOWER 

DT 

BB 

VLAMDA 

VLTE 

DR 

HTP 

D IF 

PPP 

Tes t  angle for  scan  line i teration a t  tangent height 

P re sen t  optical path length 

Change in altitude for  one increment  along scan  line 

Change in  optical path length for  one increment  along scan line 

Index used in calculating gas concentration 

Gas concentration value 

Change in total  optical depth for  one increment  along s c a n  line 

Effective tempera ture  value 

Effective p r e s s u r e  value 

Varying constant i n  E l sa s se r  t ransmit tance calculations 

Arguments used in  P l a s s  and E l sa s se r  calculations 

Arguments used in  Plass and E l s a s s e r  calculations 

Coefficient i n  E l sa s se r  t ransmit tance calculations 

log (SU*PBAR), argument i n  P l a s s  Doppler calculations e 
Sum of transmittance values 

Ratio used i n  Doppler table look-up 

Extrapolation slope in Doppler calculation 

Extrapolation constant in  Doppler calculation 

Extrapolation value in Doppler calculation 

Extrapolation slope in  Doppler calculation 

Extrapolation constant i n  Doppler calculation 

Extrapolation value in  Doppler calculation 

Ratio used in Doppler table look-up 

Intermediate value in  P l a s s  C 0 2  calculation 

Intermediate value in P l a s s  C 0 2  calculation 

Intermediate value in P l a s s  C 0 2  calculation 

Change in t ransmit tance for  one increment  along scan  line 

Planck black body value 

Local thermal  equilibrium intermediate  value 

Local  thermal  equilibrium effect value 

Change i n  radiance 

Real  tangent height 

Ratio for  a l ter ing shel l  s t ruc ture  a t  tangent height altitude 

Temporary  s torage for  original shell p r e s s u r e  



TTT 

RTPPR 

zzz 

Temporary storage for  original shell temperature 

Previous value of tangent height 

Temporary storage for  original shell altitude 

REAL ARRAY 

BARLO 

BARLC 

BARLH 

TRANS0 

TRANAO 

CONTUM 

TRANSH 

TRANAH 

CORLU 

CORLUA 

TRANSC 

TRA NA C 

FILTER 

WW3 

DESCRI 

NCLOUD 

T 

P 

z 
HT 

TAUPR 

WAVEL 

RT 

TAUCOR 

RT2 

R 2TOT 

ARRAYZ 

DV 

Elsasser  generalized O3 absorption coefficients 

Elsasser  C 0 2  absorption coefficients 

E l sasse r  generalized H 2 0  absorption coefficients 

Elsasser  O3 transmittance argument table 

Elsasser  O3 transmittance value 

Elsasser  H20  continuum table 

Elsasser  H 0 transmittance argument table 2 
Elsasser  H 0 transmittance value 2 
Elsasser  C 0 2  corrected loglOu:~: table arguments 

Elsasser  CO corrected loglOu'~ table values 2 
Elsasser  C 0 2  transmittance argument table 

Elsasser  C 0 2  transmittance value 

Spectral interval radiance filter values 

O3 gas concentration table 

Table containing run description label 

Table of cloud study altitudes 

Atmospheric temperature data 

Atmospheric pressure  data 

Atmospheric altitude data 

Virtual tangent heights 

Previous values of transmittance values 

Spectral interval average values or centers 

Spectr a1 interval radiance intermediate values 

CO transmittance values and final transmittance values 2 
Spectral interval radiances 

Total radiance values 

Argument a r ray  for weighting functions 

Table of spectral interval widths 



CO 

C1 

C2 

C3 

A1 

A2 

B1 

B2 

A 

B 

TBL 

VAL 

PSI 

WWI 

WW2 

DTDZ 

TAU03 

TAUH20 

P l a s s  transmittance coefficient 

Plass transmittance coefficient 

Plass transmittance coefficient 

Plass transmittance coefficient 

Plass transmittance coefficient 

Plass transm ittance coefficient 

Plass transmittance coefficient 

Plass transmittance coefficient 

Plass Doppler table optical depth arguments 

Plass Doppler table effective temperature arguments 

Plass Doppler table 

Plass Doppler effect values 

Azimuth angles 

CO gas concentrations 
2 

H 2 0  gas concentrations 

Weighting function values 

0 transmittance values 3 
H 0 transmittance values 

2 



ENPUT DATA 

The following card input data  a r e  required;  F o r  an example, s e e  Table 15. 

Data Fo rma t  P a r a m e t e r  Description Seauence 

18A4 

1 OAl 

1013 

6A6 

DES Run description on ti t le 

P lo t  data 

Plot  data 

Plot  data PERIOD, 
PLUS DASH, 
MINUS 
BLANK, 
HPLOT 

Number of spec t ra l  subintervals 

Number of tangent heights 

Tangent heights 24 pe r  card  

Spectral  interval  widths 

200 values of coefficients fo r  Plass 
data  curve fit 

c o ,  C1, C2 
C 3 , A l , A 2  
B1, B2 

WAVEL 25 values of wave number average  value 
o r  center  of spec t ra l  interval,  cm-1  

10 augment values of u fo r  Plass 
Doppler table 

3 augment value of f' for P l a s s  
Doppler table 

TBL Plass Doppler table 

BARLO, 
BARLC, 
BARLH 

Generalized E l s a s s e r  absorption coefficients 
0 3 ,  C 0 2 ,  H20  

TRANS0 
TRANAO 

E l s a s s e r  ozone t ransmit tance table 

CONTUM E l s a s s e r  H 0 continurn absorption 2 
E l s a s s e r  HZO transmit tance table  TRANSH, 

TRANAH 

CORLU, 
CORLUA 

E l s a s s e r  correct ion table fo r  C 0 2 ,  loglOj* 



T A B L E  15. - EXAMPLE OF I N P U T  DATA CARDS 

*DATA 
PROGRAM CORPS-cBMPREHF~SIVF RAl7lANCE PROFILE SYNTHESTZFR 
025069  
-30 -75 -70 -  15: t O - o ~ - o ~ - o ~ ' i ~ ~ o o ~ o o 2 n o ~ o ~ ~ o o ~ o o ~ o ~ ~ o n a n o ~ o ~ ~ o ~  101 701 3 0 1  4 
n ~ 5 ~ l 6 0 ! 7 0 1 8 ~ 1 o o 9 0 n ~ t g ~ 2 0 2 3 0 9 A 0 2 5 0 9 6 n 7 7 0 9 8 0 2 9 0 3 0 0 3 1 0 3 2 0 3 3 0 ~ 4 0 3 5 0 3 6 0 3 9 0 3 8  
~ 3 0 0 4 0 0 4 1 0 4 2 Q 4 ~ 0 4 4 ~ 4 ~ 0 4 6 ~ 4 7 0 4 8 f l 4 ~ 0 5 0 0 5 2 0 5 4 0 5 6 0 5 8 0 6 0 0 6 5 0 7 0 0 7 5 0 8 0  
n ~ ~ ~ n ~ o ~ o 5 o 5 o ~ ~ ~ o 5 n 5 ~ ~ i o 5 n s o 5 o ~ o ~ n 5 o ~ n ~ o ~ o ~ o ~ o ~ n ~ o ~  

6P0 - 6 0 5  CO 1-.705QF 0 1  C l  = .53A9E 0 0  C? = .4735E-03 C3 = ,1754E-03 
600  - 6 0 5  A1 . .9845F-01 A2 =-.35A4Em04 91 *- .19A8E-03 8 9  = +1970E-07  
605  - 6 1 0  CO =-.9066E 0 1  C I  .5499E 0 0  C2 = .9158E-03 C3 = ,7054E-04 
604  - 6 1 0  A1 5 .75f lPF-01 A2 =-,3183E-04 8 1  =-,2967F-03 R9 = 63035E-06  
610  - 6 1 5  CO 3-.19!3F n l  C1 = .S367E 0 0  C2 E .1018E-02 C3 ,4015F-03 
610  - 6 1 5  A1 6 .950OF-n l  A2 =-.3103E-04 8 1  =-.13APF-02 R9 6 ,7423E-05 
615  - 6 2 0  CO =-,6496F 0 0  C 1  = .4670E 0 0  C2 r - .1117E-01  C3 3-,5972E-03 
6 f 5  - 6 7 0  A1 8 .94?7F-01 47 =-.J255E-04 R1 =- .1479F-03 R2 = - s 6 6 0 1 E - 0 6  
690 - 6 2 5  CO =-.O70RF 0 0  C1 .48A lE  0 0  C2 =-.30WlE-02 C3 = -8933E-04  
690  - 6 2 5  A1 = .9$66F-01 47 1-.3254E-04 €31 = - . l l d 7 E - 0 2  8 2  = . ! 682E-05  
675  - 6 3 0  CO 6-.1094F 0 1  C l  rn .5277E 0 0  C2 = .9985E-03 C3 = , !969E-03 
625  6 3 0  A1 6 .7064F-01 47 =-.?516E-04 8 1  =-.7P63E-03 R2 5 ,1244E-05 
650 - 6 3 s  co = - . 7 1 ? 6 ~  no c r  = . 5 2 ~ 9 ~  oo c 2  = . ~ Q ~ ~ E - o E  CJ  = , A O O J E - O ~  
630  - 6 3 5  A1 = .1731F-01  A? =-.7070E-04 €31 6 .3972E-04 RE 6-,2974E-06 
637 - 640  co = - . d ? 7 3 ~  no c i  = . S ~ S P E  00 ~2 = . 4 4 4 1 ~ - 0 2  ~3 = , A Q O ~ E - O ~  
633  - 6 4 0  A1 = .10'4F-01 47 =-.1133F-O4 R I  =-.8162E-04 R 2  = ,1052E-06 
640 - 6 4 5  CO =- .51?4F-01 C l  1 .4296E 0 0  C2 * ,2344E-03 C3 5 ?3125E-03  
6 4 0  - 6 4 5  A 1  * .8374€-02  A2 =-.933OE-05 R1 = - - 1 4 0 9 F - 0 3  8 2  = ,1398E-06 
645  - 6 5 0  C0 = .52?6F 0 0  C l  .5209E 0 0  C2 I= ,2917E-02 C3 = ,4480E-03 
645  - 6 5 0  A l  = .3873€-02  A? =-.3471E-05 R l  a-.2004E-03 8 2  +1608E-06  
6 5 0  - 6 5 5  CO s .4733F 0 0  C l  .5475E 0 0  C2 ,1297F-01 C3 = , f23dE-02  
6 5 0  - 6 5 5  A1 =-.643WF-03 A2 = . 9 3 d l F - 0 5  R l  @ .568OE-03 R2 =-,1662E-05 
659  - 6 6 0  CO .3158F 0 0  C l  .5657E 0 0  C2 = .1514E-01 CJ = . f 3 3 4 E - 0 2  
655 - 6 6 0  A1 =-.7864F-n2 A? = .44RAE-05 €31 = .3343E-03 8 2  =-, !000E-05 
660  - 6 6 5  C O  5 .7340F 0 0  C 1  = .5043E 0 0  C2 .40A2€-02  C3 = ,7427F-03 
660  - 6 6 5  A1 =-.7866F-f l2 A9 = .4004E-05 R1 =- .21PlE-02 R? ,4345E-05 
665  - 6 7 0  CO . .15R!E 0 1  C l  = .4545E 0 0  C2 =-.7751E-02 C3 nP , i627E-03  
669  - 6 9 0  A1 =-. lAA9F-f l2 A2 = .1709Ea05 8 1  . 3 l Q 6 F - 0 7  R ?  5-,7419F-05 
670  - 6 7 5  C O  . .59A7F no C l  = .A8Q3€ 0 0  C2 .2140F-01 C3 = ,9304E-02 
6 9 0  - 6 7 5  A1 =- .9966€-02 A7 = .5146E-05 R1 = .5660E-03 R9 9-,9058E-05 
675  - 6 8 0  CO = .3740E 0 0  C l  E .5768E 0 0  C2 = . lA90E-01  C3 = ,1371E-02 
675  - 6 8 0  A1 r - .3 !90F-07  A7 = .54A4E-05 P l  9-.5589E-03 R2 = ,645QE-06 
680  - 6 8 5  C Q  = .30PSF 0 0  C l  o .5699F 0 0  C2 = .12ARF-01 C3 = .1098E-02 
680  - 6 8 5  A l  = .1?C7E-02 A ?  = - . l l R I E - 0 5  R 1  =-,114PF-02 87 = ,1942E-05 
685  - 6 9 0  CO = .7475F-01 Cf 5 ,5635F 0 0  C 2  e .1304F-Ol  C3 = , f 0 8 7 F - 0 2  
6P5 - 6 9 0  A1 . .47AYF-02 A2 =-.4An?E-05 8 1  .329AE-02 R2 a-16662E-05 
6Q0 - 6 9 5  C O  r - . lYqQF 0 0  C1 .644JE 0 0  C2 r .7285F-02 C3 ,5832E-03 
600  - 6 9 5  A1 = .1094F-01 A7 =- .13 lRE-04 8 1  =-.9946F-03 R2 = ,1565F-05 
695  - 7 0 0  CO m-.ShOi?F 0 0  C l  .5394E 0 0  C2 = .7153E-02 C3 = ,6003E-03 
605  - 7 0 0  A1 = .1667E-01 A? =-.7118E-04 91 =- .799 lF -03  R2 = .1322F-05 
700  - 7 0 5  C0 8-.A?OlF 0 0  C l  = .536YF 0 0  C? = .51OlE-02 C3 = ,4AAOE-03 
7C0 - 905  A1 = .9305F-01 A7 =-.3179E-04 R l  =-,7774E-03 R ?  = ,1184E-05 
705 - 9 1 0  c o  = - , 1 1 0 a ~  n i  c r  = . 5 3 1 7 ~  00 ~2 = . ~ ~ A P F - O ~  r 3  = , A ~ B ~ E - O ~  
705 - 7 1 0  A l  = .9717F-n1 A? =-.36JRE-04 R 1  =-.1070E-02 R2 = ,16AOE-05 
716  - 715  CO ~ - , 1 5 5 7 F  01 rf .543hE 0 0  C2 = .2769F-02 C3 = , l 4 8 8 € - 0 3  
710  - 715  A l  .9574F-01 A3 =-,317AE-04 R t  =- .4845F-03 R7 = .5831E-06 



T A B L E  15. - EXAMPLE OF INPUT DATA CARDS - Continued 



TABLE 15. - EXAMYLE OF INPUrI: DATA CARDS - Continued 



TABLE 15. - E a M P L E  OF' I W U T  DATA CARDS - Continued 



TABLE 15. - Em1VIE"LE OF INPUT DATA CARDS - Continued 

-2.4AEOO 
-2.12EOd 
-2.28EOO 
-.BBIFOO 
-.Q4F00 
-1.29EOO 
-1.57EOO - 1.83E00 - 1.4OEOO -. 3 1 FOO 
.38EOO 
.C!IEOO 
-.7QFOO 
-4.2FOO 
07,6F00 
-3.7FOO 
93.6FOO 
-3.2F00 
R8.1FOO 
-2.7E00 
78.6FOO 
-2.2FOO 
63.8F00 - 1.7EOO 
41.8FOO - 1.2FOO 
l5.1FOO -. 7F00 
l .SF00 

6 F O O  
O.FO0 - .739EO0 - .ROOEOO 
-.R61EOO 
-3.6FOO 
99.32EOO 
-3. I F 0 0  
96.33E00 
-2.6FOO 
92  .FOO 
-2. I FOO 
n 5  - 5 6 ~ 0 0  - l.6FOO 
75.0OEOO - 1 . 1  FOO 
59.15E00 - .6EOO 
39.19E00 -. I EOO 
j8.74EOO . dF00 
5 .FOO 
-9FOO 

-7.35E00 
-7.13EOO 
-7.23E00 
-,73FO0 - f . OEOO - 1.28EOO 
-1.58EOQ 
-l .80E00 
-! .16EOO -. 12E00 . 43EOO 
- c 0 8 E 0 0  
-.98E00 
99.2E00 
-3.QE00 
95.2E00 
-3.4FOO 
90.6E00 
-3. QEOO 
8J.OE00 
-3.4FOO 
70.5EOO - l . QFOO 
5 1.5E00 - 1.4FO0 
25.7E00 -. 9E00 
A ~ ~ E O C I  -. 4E00 

0. EOO 
0.EOO -. 762FOO 
-.625FOO -. 887FOO 
- 3 . 5 ~ 0 0  
98.87FOO 
-3.OEOO 
9 5  e56F00 
- 2 . 5 ~ 0 0  
90.9dFOO 
-2 .OF00 
R3.8AFOO 
- 1  .WOO 
73  e25FOO 
-1 .OE00 
55.41FOO 
-.5EOO 
34 -9YFflO 
O.EOO 
15.18FOO 
.5EO0 
3.57E00 
1 .E00 



T A B L E  15. - EXAMPLE OF INPUT DATA CARDS - Continued 

0. E O O  
-8.EOO 

-6.82FOO 
-3.EOO 
-1.29FOO 
2ef00 

4.04EOO 



T A B L E  15. - EXAPVIFLE OF INPUT DATA CARDS - Concluded 



Data 
Sequence 

1 9  

2 0 

F o r m a t  P a r a m e t e r  

TRANSC 

TAUGAT 

MB1, MB2 
MB3, MB4 

FILTER 

NPSI, PSI 

NUM HTS, 
NCLOUD 

T ,  P,  .z 

N 

LABEL 

E l s a s s e r  C 0 2  t ransmit tance table 

C omputati-on options 

Transmiss iv i ty  gate 

Output options 

Radiance summation f i l ter  

Number of azimuth angles and table 
of azimuth angles 

Number of cloud altitudes and table of 
cloud altitudes 

Temperature,  p re s su re ,  altitude of 
shel ls  

Number of shel ls  

Prof i le  code number 

Concentration of C 0 2 ,  0 3 ,  H2) 

Set 2 of a tmospheric  temperature and 
p r e s s u r e  data for  azimuthal variation 
study 



OUTPUT DATA 

TOTAL RADIANCE 

F o r  an example of the total  radiance output tape s e e  Table 16. Each output 
radiance profile consists of 12 r eco rds  of information (69 tangent heights). 

Data Fo rma t  P a r a m e t e r  Seauence Description 

1 5313.6 N(HT) Radiance at (HT)i (i  = I ,  5) 

I8 LABEL Profi le  code number 

I7 IEND Sequence number 

2 6313.6 N(HT) Radiance at (HT)i (i = 6, . . . , 11) 

3 6313.6 N(HT) Radiance a t  (HT)i (i = 12, .  . ., 17) 

12 6313.6 N(HT) Radiance a t  (HT)i (i = 66, . . . , 69) 

SPECTRAL SUBINTERVAL RADIANCE 

F o r  an example of the spec t r a l  subinterval tape s e e  Table 17. Each spec -  
t r a l  interval  radiance output consis ts  of 116 r eco rds  of information (69 
tangent heights, 10 spec t ra l  intervals) ,  

Record F o r m a t  P a r a m e t e r  - - Description 

1 5313.6 Nj(HT) Radiance a t  ( J 3 T ) i ( i  = 1) 

V .  ( j  = 5) 
J 

I8 LABEL Profi le  code number 

I7 IEND Sequence number 

2 6313.6 Nj(HT) Radiance at (HT)i(i = 1) 

V.  ( j  = 6 , .  . . , l o )  
J 

(i = 2) 

V .  (i = 1) 
J 

Radiance at (i = 2) 

V .  ( j  = 2, a a ,  7) 
J 



TABLE 16. - E U W L E  OF RADIANCE PROFILE TAPE OUTPUT 
FOR EACH OF TEN SPECTRAL SUBINTERVALS 

e 5 0 1 0 1 9 E  0 0  
. 4 1 9 9 9 4 E  0 0  
* l l l b 7 5 C  0 1  
. R ~ ~ ~ O Z E  0 0  
e 1 0 5 0 3 1 E  0 1  
, 4 8 1 3 7 0 E  0 0  
, 4 1 0 9 4 6 E  0 0  
. 1 1 3 1 9 9 E  0 1  
.8564r )%E 0 0  
e 1 0 6 3 7 2 E  0 1  
. 4 8 n 5 h l ~  0 0  
, 4 0 4 3 5 3 E  0 0  
e 1 1 3 9 9 4 E  0 1  
.R31697E 0 0  
, 1 0 7 2 0 7 E  0 1  
e 4 8 0 2 1 6 E  0 0  
, 3 9 7 1 2 6 E  0 0  
, 1 1 4 7 h 5 E  0 1  
.R10642E 0 0  
, 1 0 7 8 5 1 E  0 1  
. 4 8 0 1 6 1 E  0 0  
.79614OE 0 0  
, 1 1 5 2 9 1 E  0 1  
e 7 9 Q 5 2 2 F  0 0  
, l O q 3 9 4 E  0 1  
. 4 8 Q 2 0 9 E  0 0  
,392772E 0 0  
. 1 1 5 8 7 2 E  0 1  
,762619E 0 0  
e 1 0 P 9 9 9 E  0 1  
.4803R6E 0 0  
~ 3 8 9 7 7 9 E  0 0  
, 1 1 6 5 1 4 E  0 1  
, 7 1 1 4 0 7 E  0 0  
. 1 0 9 5 8 4 E  0 1  
. 4 8 0 6 4 8 E  0 0  
,383247C 0 0  
e 1 1 7 2 6 5 E  0 1  
.60R9hZE 0 0  
r 1 1 0 4 7 3 E  0 1  
,479696E 0 0  
, 3 7 0 3 4 9 E  0 0  
e l l f l 1 2 4 F :  0 1  
. 4 9 6 5 6 2 E  0 0  
. 1 1 1 4 0 5 E  0 1  
e 4 7 5 6 3 2 E  0 0  
. 3 4 8 3 4 2 E  Or) 
r 1 1 q 1 5 0 E  0 '  
e 4 0 1 1 2 9 E  0 0  
, 1 1 7 5 4 2 E  0 1  
e 4 5 3 6 3 6 E  0 0  
.>10959E 0 0  
. 1 2 n 4 9 0 ~  01 
e 3 0 9 9 4 2 E  0 0  
. l l h n h 6 E  0 1  
e J 9 h 9 q B E  0 0  
r3530ROE 0 0  
,121744F: 0 1  
,726gR7E 0 0  
* l l 4 ? Q 5 E  0 1  



TABLE 16. - E m W L E  OF RADUNGE PROFILE TAPE OUTPUTS 
FOR EACH OF TEN SPECTRAL SUBINTERVALS - Concluded 

. 4 7 9 7 8 q ~  o n  
e 2 6 9 3 7 5 E  0 0  
, 3 6 4 5 8 6 6  On 
, 2 8 7 2 8 7 ~  on 
r 4 8 7 8 8 4 E  Or) 
, ~ O B Z O I E  o n  
e 2 2 2 5 8 9 E  0 0  
, 3 6 8 5 4 ~ ~  o n  
. 2 3 2 2 3 7 ~  o n  
e 3 9 3 8 8 9 E  0 0  
, 3 3 4 7 1 ~ ~  on 
s 1 8 2 7 2 6 E  0 0  
r 3 7 1 2 8 5 E  0 0  
, 1 8 7 6 5 1 ~  o n  
, 3 1 5 2 9 7 ~  o n  
8 2 6 5 3 5 3 ~  0 0  
e 1 4 7 2 4 9 E  0 0  
r 3 6 1 0 2 0 ~  o n  
. 1 4 1 8 8 6 ~  o n  
s 2 3 6 1 9 4 E  0 0  
. 1 9 7 6 2 9 ~  o n  
e 1 1 1 1 6 7 E  0 0  
, 3 3 0 9 1 R ~  On 
r 1 0 6 3 0 4 ~  on 
0 1 7 5 5 6 9 E  0 0  
r 1 4 8 9 3 h E  Of? 
. 8 5 8 2 2 0 ~ . 0 1  
, 2 9 5 7 4 ~ ~  o n  
- 8 4 6 4 5 4 E - 0 1  
r 1 3 7 5 4 6 E  0 0  
r i i 2 1 9 ? ~  o n  
e 6 7 2 1 o S E - 0 1  
s 2 3 8 8 4 0 E  0 0  
r 5 6 9 2 5 ' E - 0 1  
. 9 2 9 7 6 2 ~ - 0 1  
r 7 6 7 7 6 4 E - 0 1  
a 4 4 6 4 8 0 E - 0 1  
e 1 7 8 6 1 R ~  0 0  
, 3 8 0 7 2 1 ~ - 0 1  
e 6 2 8 3 5 5 E - 0 1  
. 4 5 6 3 5 4 ~ - 0 \  
r 2 4 3 7 9 1 E - 0 1  
, 9 2 1 5 2 7 ~ - 0 1  
e 1 5 4 0 8 5 E - 0 1  
e 2 6 7 7 4 6 E - 0 1  
a 1 8 4 4 6 2 E - 0 1  
r 1 0 5 5 8 4 E - 0 1  
r 3 2 8 4 5 5 E - 0 1  
r 3 7 6 3 0 4 E - 0 9  
e 6 3 2 7 6 8 E - 0 7  
0 2 4 6 5 0 R E - 0 7  
~ 9 7 3 4 2 7 E - 0 3  
r 1 9 2 3 5 0 E - 0 3  
r 5 2 7 4 5 1 E - 0 3  
, 3 8 9 8 5 9 E - 0 3  



TABLE 17, - EXAMPLE OF RADLANCE PROFIIJE OUTPUT TAPE 
FOR THE COMPLETE: SPECTRAL INTERVAL 

r 552086E  0 1  
, 5 5 6 3 1 l E  0 1  
,559351E 0 1  
, 56 i 853E  0 1  
.565029E 0 1  
.54W1OSE 0 1  
,499318E 0 1  
,365189E 0 1  
,267434E 0 1  
, 1 6 8 4 2 8 ~  0 1  
.104094E 0 1  
s844606E-01  
. 5 4 3 9 5 1 ~  0 1  
, 5 4 6 6 4 - ~  o a  
.549155E 0 1  
, 5 9 i o 5 5 ~  0 1  
. W j 4 6 4 E  O]i 
,535455E 0 1  
.495410E 0 1  
.376099E 0 1  
.277900E 0 1  
.169476E 01. 
.103581E 0 1  
r843204EeOf  
.567931E 0 1  
.57?386E 0 1  
.575445E 0 1  
."J7744E 0 1  
,580489E 0 1  
,561115E 0 1  
,491332E 0 1  
,390963E 0 1  
,26299OE 0 1  
,169769E 0 1  
,10434OE 0 1  
, 8 5 2 3 6 4 ~ ~ 0 1  
, 5 4 6 2 9 0 ~  0 1  
. 5 4 6 9 8 0 ~  0 1  
,548382E 0 1  
*551070E  0 1  
. 5 5 4 5 5 0 ~  0 1  
,53879OE 0 1  
,474551E 0 1  
, 3 7 i 2 3 1 ~  0 1  
.276rj%7E GI 
.169538E 0 1  
,102518E 0 1  
~ 8 3 7 1 0 0 E ~ O 1  
,538142E 0 1  
,542990E 0 1  
,546415E 0 1  
. 5 4 ~ 0 0 5 E  0 1  
. 5 5 i 3 ~ 3 ~  Ol. 
.539849E 0 1  
. 4 8 8 4 ~ 5 E  0 1  
.398655E 0 1  
.297319E 8 1  
.176848E 0 1  
,104648E 0 1  
.851688E101 



Record - Format - Parameter Description 

Radiance a t  (i  = 10) 

Vj ( j  = 4, .  * .  , 9 )  

Radiance at (HT)i(i = 10) 

V.  ( j  = 10) 
3 



FLOW CHART 

Figure 6 contains a detailed graphical representat ion of the flow of logic  
fo r  P r o g r a m  CORPS. 



BEGIN 

READ RUN 
DESCRIPTION 

I 
(OESCRI) I 
READ NUMBER OF 

INTERVALS (NN), 
AND NUMBER OF 
TANGENT HEIGHTS 

READ T A B L E  
OF TANGENT 
HEIGHTS (HT) 

R E A D T A B L E O F  

READ PLASS 
TRANSMlSSlVlTY 

l' READ SPECTRAL 
INTERVALCENTERS 
(WAVEL) I I 

READ ELSASSER 
GENERALIZED 
ABSORBTION 
COEFFICIENTS FOR 
O3 (BARLO); FOR 

H 2 0  (BARLH); FOR 

CO, (BARLC) -1 
T A B L E  (CONTUM) 

TRANSMlSSlVlTY 
GATE (TAUGAT) 

SCALE 

READ F I L T E R  

, NO ( g6!iy:iH) YES , 
INCLUDED? 

WRITE OUT: 
AZIMUTH- 
CLOUD 
ERROR 
MESSAGE 

WRITE OUT: 
WEIGHTING 

MESSAGE 

Figure 6. P rogram CORPS Flow Chart  



CLOUD ALTITUDES, 
(NUMHTS); AND 
TABLEOFCLOUD 
ALTITUDES, 

SET DOPPLER 
EFFECT TOZERO 1 

OPTION 
INCLUDED? 

FUNCTIONS 
INCLUDED. 

AZIMUTH- 
WEIGHTING 
FUNCTION 

SETCONSTANTS 
I Q =  1 
IEND = 0 
IABC = 1 
NORUNS = 0 

ATMOSPHERE LABEL 

NUMBER OF POINTS 

&&-h INCLUDED 

CREATE AVERAGE 
OF ATMOSPHERES 
ONE AN0 TWO 

SCALE ALTITUDES 

HEIGHT INDEX 
EQUAL TO 1, 
(JJ = 1) 

SET CONSTANTS 
ICCC4 = 0 
E R =  2 
I A =  0 
I B = O  

[ Q = o ,  1 
TANGENT HEIGHT 
AND SCALE TO CM 

CALCULATE 
RH = (RE + H ) ~  

SET ARRAYS 
RT = 0. 
TAUH20 = 1. 

TAU03 = 1. 

SETCONSTANTS 
M3 = 0 
IENDD = 0 
ITT  = 1 
PSUM = 0. 
SU= 0. 
TSUM = 0. 
RSUM = 0 
I C =  1 

Figure 6. Program COR,PS Flow Chart - Continued 



SET CONSTANTS 
J C =  1 
USUMO = 0. 
USUMH - 0. 
USUMC = 0. 
MM = N-1 
SN = 1. 

COMPUTE 
ALTITUDE (HTST) 
AT WHICH 
ATMOSPHERE 
NUMBER TWO WILL 
BE USED 

DO LOOP FOR 
SCAN LINE 
ITERATION THRU 
SHELLS ENTERING 
ATMOSPHERE 

ITT = 3 0 

BLOCK 1 0 0  

I 

1 ) I ?kifrtR&ELL TEMPERATURE AND I 
(TAV, PAV); AN0 PT 

RETURN FROM 

INCLUDED ? 

CALCULATE 
REFRACTION 
EFFECT 
(ETA) 

DZ, ZPREV 

CALCULATE 
C02 CONCEN- 

TRATION (WWW) 

Figure 6. P r o g r a m  CORPS Flow Char t  - Continued 



Q BLOCK 200 

TEMPERATURE 
(T BAR); AND 
EFFECTIVE 
PRESSURE 
(PBAR) 

, NO (l) 
YES , CLOUD 

OPTION 
INCLUDED? 

PLASS AND 
ELSASSER 
ERROR 
MESSAGE 

ALTITUDE 

SET Q =  1 
AND GO TO 
AND RETURN 
FROM BLOCK 

NUMBER OF 
SHELLS 
TRAVERSED 
(NSHELL) 

ETURN 

e THAN 1.E-60. 

SPECTRAL 
TRANSMIT- 

FTHEPRODUC 

, NO % FFECT NEG- 

IGABL . 

Figure 6. Program CORPS Flow Chart - Continued 



CALCULATE RATIO 
OF DISTANCE 
BETWEEN 
ARGUMENT VALUES 
(RA) 

: 

DO LOOP IN SEARCH 
OF EFFECTIVE 
PRESSURE 
ARGUMENT FOR 
DOPPLER TABLE 
(DO K =  IND, 3 )  

DO LOOP IN SEARCH 
OF OPTICAL DEPTH 
ARGUMENT FOR 
DOPPLER TABLE 
(DO J = IND, 10 )  

CALCULATE RATIO 
OF DISTANCE 
BETWEEN 
ARGUMENT VALUES 
(RBI 

NO YES CTUAL DOPPLER 

TOGETDOPPLER 
EFFECT, (VAL(NQ1) 

LINEARLY 
EXTRAPOLATE USING 
250"  K AND 300 "  K 
TO GET DOPPLER 
EFFECT (VAL(NQ)) 

NSMITTANCES 

CALCULATE 
ACTUAL C02  
TRANSMITTANCE 
VALUES, (TAUCOR(NQ) 

Figure 6. Program CORPS Flow Chart - Continued 



CALCULATE O3 

TRANSMITTANCE 
WlTH TABLE- 
LOOK-UP 

CALCULATION 

LOGlO L WITH 
CORREWED 
LOGlO L FOR 
TEMPERATURE 
SHIFT. IARCA)  

CALCULATE H20 
TRANSMITTANCE 
WlTH TABLE- 
LOOK-UP 
CALCULATION 
(TAUH20 (NQN 

CALCULATE 
O3 GAS 
CONCENTRATION 

CALCULATE 
W, (USUMO) 

CALCULATE 
LOGlO W + L O $  
1 (ARGA) 

SPECTRAL 
TRANSMITTANCE 

CALCULATE 
PLANCK 
BLACK BODY 

LOCAL 

OPTION 
INCLUDED? 

CALCULATE 
L T E  EFFECT 
(VLTE) 

EFFECT TO BE 
INCLUDED ON 
BLACK BODY 
EFFECT, (BB) 

CONDITION: 
D E L T A T - 7 ,  
(DT = TAUCOR 

ElGHTlNG 

INCLUDED? 

CALCULATE 
DELTA 7 

DELTA Z 
(DTDZ) 

IS  SUMMED 

LESS THAN 
TAUGAT ? (EEK) 

RETURN I FROM I 
BLOCK 2 0 0  

Figure  6. P r o g r a m  CORPS Flow Chart  - Continued 



-6- ANGLE = O? 

& ;;;;;;TLON~ 

INCLUDED 

CALCULATE 
EXACTTANGENT 
HEIGHT 

STORE 
SHELL 

CALCULATE 
TEMPORARY 
SHELL 
INFORMATION 

CALCULATE 

ZPREV 

HTP 

SET JC= 3 
ANDRESTORE 
ORIGINAL 
SHELL 
INFORMATION 
(T,P, Z) n EQUAL TO 1 b 

ITT = 3 F 
RETURN FRO I 1-4 

Figure 6. P r o g r a m  CORPS Flow Char t  - Continued 



CALCULATE 
W, (USUMC) 

LOGIOW AND 
PERFORM T A B L E  
LOOK-UP TO 
OBTAIN 

CORRECTED 
VALUE OF LOGlO 

U*, (ARGB) 

CALCULATE - 
LOGIOL*+LOG1O L o  
WHERE LOGlO i, HAS 
BEENCORRECTEDFO 
TEMPERATURE 
(ARGA) 1 
TRANSMITTANCES 
BY USING (ARGA) AS 
AN ARGUMENT FOR 
TABLE-LOOK-UP 
IN  CO, TABLES 

RADIANCE AN0 
TOTAL 
RADIANCES 

WEIGHTING 
FUNCTION ON 
COMMON OUTPUT 

SPECTRAL SUB- 

TOTAL 
RADIANCE 

OUTPUT OPTlO 
INCLUDED (X 

RADIANCES ON 
UNIT L5, 

SPECTRAL SUB- 

PLOT SPECTRAL 
SUBINTERVAL 
RADIANCES ON 
COMMON 

Figure 6. P rogram CORPS Flow Chart - Continued 



RADIANCE OUT 
ON COMMON 

STEP CLOUD 
INDEX (14) 

TAPE DRIVES 
L6, L3, L4, L5 

Figure 6. Program CORPS Flow Chart - Concluded 



PROGRAM LISTING 



$ d C P  G C C  1 1 9 9 2  R C O n O  I 1 015 G O ~ J ~ O  76 
S S E T L P  1 4  1 1 5 8  SAVE 
S5ETl.P 1 5  6 SAVE 
$ S E T L P  I 6  $ 6 4  SAVE 
S F X E C L T F  I e ~ c e  
STRuCE? L L C C - I C ~ V A P  
BIPFTC ~ C A E Y  

R F A L  NCLULC 
III'TEGER t F  
E l P E N S I C N  R T T 2 ( l C 0 9 2 5 )  
c ~ N E N S I C N  P h  ( 1 0 )  rF/V (10)  ~ N P L C T  ( 4 0 0 )  9 h P L 0 T  ( 2 5 )  
E T ~ E ~ J S I C N  B A R L C ( 2 5 )  ~ F A I : L c ( ~ ~ )  , H A R L H ( ? ~ )  r T R A h ~ o ( 4 1  ~ T R J * ,  P C ( L  1 )  

~ c c N T U M  ( 2 5 )  TRANSk ( 5 0 )  ~ T H A N G H  ( 5 0 )  +CCIKL U ( 1 6 )  9CCRLLA ( 1 6 )  7 

Z T F ; A ~ \ S C ( ~ ~ )  r T F ? P N A C ( 7 4 )  ~ F I L T ~ K ( ~ ~ )  qh!*13('91) 9 b E S C R I  ( l h )  9 N C I  C L  ,(:(:) 

ET IJEIJSICN T ( 2 1 0 9 3 )  v P ( L l O . 3 )  e Z ( 2 1 0 )  r k t T ( 6 9 )  q T P U P R ( 3 C )  * w t . V i L  ( 7 5 )  
~ R T  (70) v T A L C C R  ( 2 5 )  9 R T 2  ( 2 5 . 1 0 0 )  ~ R ~ T O T  (100) q A R R ~ ' f Z ( 1 8 2 )  

P Y I J E N S I C N  CL (25) 9 C 0  ( 2 5 )  ~ c J ,  ( 2 5 )  9 C 7  ( 2 5 )  q C 3 ( 2 5 )  ,A1  ( 2 5 )  * A 2  ( 2 5 )  , f  1 ( 2 5 )  9 

CTPENSICN P ( 1 C )  9 E (  3 )  9 ~ 0 ~ ( 7 5 ~ 1 0 * 3 )  t V C L ( 2 5 )  q P S I  ( 2 6 )  r 
l @ ? ( 2 5 )  vkk4 ( 9 1 )  r h A 4 ( 9 1 )  9 

lwhl(91) v k k 2  ( 9 1 )  ~ C T ~ Z ( 1 8 2 e 2 5 )  9 T b L 0 3 ( 2 5 )  * T A U H 2 0 ( 2 5 )  
CCPPON A N , P L ~ F E R I C U ~ P L L ~ S * D A S H ~ " I I ~ ~ ~ S , P L A ~ \ ~ K ~ L . ~  

C 
C VARIABLE 7PPE A S S I ~ h P F h T s  
C 

L 1 - 5  
L 2 - 6  
1 7 = 1  
L 5 = 2  
1 4 3 3  



1 7 3 1  CrNT I N L E  
1 7 3 3  C ~ N T  INLE 

R F P C  ( ~ 1 9 8 )  ( B A k L O ( 1 )  r I = l t N ~ )  
R F A C  ( L L , ~ )  ( E P R L h ( ! )  r ! = l r ~ N )  
R F A C ( L L * U )  ( ~ A R L C ( I ) ~ I = ~ ~ N N )  
R F P C ( L ~ , ~ )  ( T R A N S C ( I ) ~ T R A N A O ( I ) * I = ~ ~ ~ ~ )  
R F A C ( L ~ , ~ )  ( C C ~ T U I Y ( I ) ~ I = ~ . I . ~ N ) * ( T R P I L S H ( I ) ~ T A A N A ~ ( I ) ~ I = ~ ~ ~ ~ )  
RFPC ( L l r 8 )  (CCRLU(I).QCCF;.LUA(I) 9 1 = 1 * 1 6 )  
RFAC ( ~ 1 9 8 )  ( T R P N s C ( I )  e T ~ A ~ A c t l ) , 1 = 1 ~ 7 4 )  
RFAC ( ~ 1  P b l l 3 ) ~ A l  sPA2 ~ M A ~ ~ M A ~ B P A ~ ~ ~ ' A ~ ~ M A ~ ~ ~ \ P ~ ~ M A ~ ~ M A ~ o ~ ~ A ~  L 9 

ITALC-AT 
1 1 1 3  F ( ~ R ~ A T ( l l l l r E 1 0 . 4 )  

t ~ ~ i = ~ ~ 1 + 1  
tJA2=YA2+1 
vA3=MA3* 1 
MA4"MA4+1 
t J ~ 5 ' Y A 5 + 1  
Y A ~ ' Y A ~ + ~  
Mp7=MA7+1 
~ b 8 = Y A 8 + 1  
Vb9=YA9*1 
P A ~ C = M A ~ O +  i 
M A ~ I = M A ~ L + ~  
RFAC ( L 1 ~ ~ 1 1 3 ) t J B l r ~ ~ Z e ~ ~ 3 ~ ~ B 4  
M B ~ = Y B ~ + ~  
~ p 2 = V B 2 +  1 
t J ~ 3 = Y B 3 * 1  
M P ~ ~ M B ~ +  1 
RFPC ( L 1 9 8 )  ( F I L T E P ( 1 )  e I = l q ~ N )  

C 
C CkECK FOK ILLEGAL RUN OPTIONS 
C 

1 1 1 4  GOTC ( 1 1 6 3 * 1 1 6 4 )  , U A ~  
1164 60TC (7081 .7082  1 9 ~ A 4  
7 0 8 2  k R I T E  ( L 2 9 7 0 0 3 )  
7 0 0 3  F C R C A T ( ~ ~ ~  ILLEGAL OPTTON COMBI[I\IATION-1 

~VRITE ( L 2 1 7 0 0 4 )  
7 0 0 4  FORCAT t28X t ~ ~ ~ + A Z I M U T H - C I  oUDS) ' 

t c T C  8 8 7  
7 0 8 1  CCTC ( 7 0 0 8 9 7 0 0 9  * ! - + A l l  
7009 IURITE ( L 2 9 7 0 0 3 )  

 RITE ( ~ 2 9 7 C l C )  
7 0 1 0  F C R V ~ T  ( 2 8 ~  r 2 7 h t k ~ I G H l  ING FUNCTI0frlS-CLOUDS) 

c r T C  8 8 7  
C 
C INPLT c L R C  CPTA 



C I L P L ~  AZIPLTI- DATA 
C 

1 1 1 1  ~ ~ b c ( L l r 9 ) k P S I  
RFPC ( L i b 6 9 8 1  ( P S I  ( i )  ~ I = I ~ N P S I )  

698 F O R M  AT ( lMF4.1) 
1110 IFNC=O 

NCRi N?=0 
~ 0 ~ 2 7 3 ,  
T&ElA=.412 
RFs6.371t+08 
CcCl=.Ol 
ccc2=.03 
T l = l r 1 9 0 8 9 E - 0 5  
~ 2 = 1 , 4 3 8 9  
~ 0 = 1 0 ~ 0 .  

888  IFNC=JENU+~ 
l G = l  
1PBC=l 

C 

~ [ ' , T C ( 1 9 ( 1 8 * 1 7 )  v K  
1 8  k k 2 ( N Q ) = k k l  (hC)  

GCTC 17  
1 9  kk3 (NG) : k h l  
17 c f N T I N L E  

173  C P N T I ~ L E  
C 

178 ~ ~ T C ( 1 1 4 8 ~ 1 1 4 ~ ) r b ' ~ 4  
1149 l ? ~ P C ( L 3 * 1 6 )  ( T ( I t 2 )  * P ( I $ 2 )  oZ(I) , I = l , N )  

DC 1380 I = i p n  
~ ( I t 3 ) = ( 1  ( I * l ) + T ( I v 2 ) ) / 2 .  



RH= ( ~ E + t i ) *  (RE+F) 
no 2 1  1=1eNF: 
R T ( l ) = O e  
T b L I ' 2 0 ( 1 ) = 1 e  
T ~ L c 3 r I ) ~ l *  

2 1  T A U P R ( 1 ) ' l e  
M3sC 
TFNCD=O 
I T T =  1 
P A V : I ~ * ( P ( ~ ~ I T T ) + F ( ~ ~ ~ T T )  I 
T A V = ~ ~ * ( T ( ~ ~ I T T ) ~ T I ~ ~ I T T ) )  
~ ~ T C 1 1 1 2 ' + ~ 1 1 2 5 )   PA^ 

1 1 2 4   ETA-^. 
GcTC 1 1 2 6  

1 1 2 5  ~ ~ A = l . + ( ~ A b * 7 7 ~ 5 2 6 ~ r 0 6 , / ~ ~ V  
1 1 2 6  s 2 ~ t R E + Z ( l ) ) * E f A  

~ 2 = S 2 * 5 2 " R H  
s ~ J s ~ * * ~ ~ / E T P  
ZPREV=z (1 
PSbb'=Oe 
su=c * 
TSUW=O* 
RSlJP"Oe 
TCrl 
JC: 1 
CSbtfO=O e 
USLWH=Oe 
USUWC=Oa 
P M o h - 1  
SN= 1 e 

6 0 T C  ( 1 1 2 0 9 1 1 2 1 )  r ~ A 4  
1 1 2 1  P ~ S = P S I ( l A @ C ) * e 0 1 7 4 5 3 3  

c P S S = c C S  ( P S S )  
P P R E S H + R ~  
7TST=HPRE/CPSS*RE 

C 
C I N I T I A L  %ELL 1 TERATIO~I 
e 

1 1 2 0  DC 499 I " l 9 b ' P  
10=1 
7 1 = 1 + 1  
GCTC ( 3 8 1 9 1 1 2 3 )  ( P A 4  

l i 2 3  GOTC ( 1 8 O l r 3 8 1 )  t I T f  
1 8 0 1  IF(PSI ( I A e C )  ) 3 8 1 * 3 8 1 r 3 7 9  

379 I F ( ~ ( I O ) " Z T S T ) ~ ~ O ~ ~ ~ O ~ ~ ~ I  
380 I T T s 3  
382 ASSIGh 30 T C  NCL 



GrTC 100 
30 ASSIGN 31CTc  NC2 

GCTC 200 
310 1F(ITT-3)499,315,315 
315 lfT=2 
499 C C N T I N ~ E  

GCTC 200 
6 0  C=O. 

GCTC 550 
C 
C ELCCK 100 
C 

10C Z P A R = ~ ~ * ( Z ( I C ) + Z ( I ~ ) )  
PAV=.~+(P(IO~ITT)+ P(1lrITT)) 
P T = . ~ * ( P ( I O ~ I T T ) / T ( I O ~ I T T ) + P ~ I ~ ~ I ~ T ) / T ( I ~ ~ I T T ) )  
T A V = Q ~ * ( ~ ( I O I I T T ) + T ( I ~ ~ ~ T T )  ) 

GCTC (112791128) ,PA3 
1127 F T A = ~ .  

GCTC 1129 
1128 ~ ~ A = l r + ( P A V * 7 7 * 5 2 6 ~ - 0 6 ~ / ' 1 ~ V  
1129 ~ ~ T C ( 1 1 3 9 1 1 2 ~ 1 1 7 )  *JC 
113 S P H I = ( R E + ~ ) / ( ( R E + Z ( I ~ ) ) * F T A )  

1 ~ ( l r - S P ~ I ) 1 1 8 ~ l l 8 ~ l l ?  
117 C I =  ( R E + Z I I ~ )  ) B E T A  

cZ: ( Z P R E V - Z ( I ~ )  )rSN 
Z P R E V = Z  ( 1  1) 
51=slRs1-~t- 
51: Sl**o5/ETP 
C S =  (S2-51)*5N 
5 7 = 5 1  

112 E L =  ~ k l ( l l ) * ~ ~ * ~ T * * 2 7 3  

6 C T C  NC1*(30~70r90) 
C 
C RLCCK 200 
c 

200 GCTC (12009 1133) *?A? 
C 
C EI  SPSSER ~3 TRANSMISSIVITY CALCULPTIOI\I 
c 
1400 ccG:PAV/~013.2 

? ~ ( ~ 4 ~ - 1 ~ e 4 ) 1 4 0 5 ~ 1 ~ 0 5 ~ 1 4 1 0  
141C CCG=e132 
1405 USLNO=LSUPC+CCG*SCR~ (273./TAV)* Wh7(11)*05*.3E-3 

bt?6~=A~OG10 (LsLPc)  
Or 1 4 1 8  N G ' l r h N  



ARCP=BAKLC (NG) +ARGB 
CC 1 4 2 0  NGG=2r40 
I F ( T R A A S C ( ~ G G ) - A R G P ) ~ ~ ~ O . ~ ~ L ~ ~ ~ ~ ~ ~  

1 4 2 0  FCNT INUE 
1 4 1 7  NC2=NGC-L 

T P L C ~  ( N Q )  = (TRPNAc ( N Q ~ )  + ( T R A N A O I ~ O ~ ~ ) - T H A ~ ~ A C ( N Q ~  J ) *  (AKGA-TRA~'sc (Pt(,2 1 
~ ) / ( T R A N S ~ ( N C C ) - T R A N S O ~ ~ \ ~ C ~ )  )/113G. 
1~(TAU~3(~Cl~le)1430e1418e1.6~0 

143C 1 ~ ( T A ~ ~ 3 ( h C ) ) f 4 3 1 ~ 1 4 1 8 . 1 4 1 8  
1 4 3 1   TALC^ (NG)=O. 

GCTC 1 4 1 8  
1 4 4 0  T a b c 3 ( N Q ) = l .  
1418 CCNT INLE 

GCTC 1 4 0 1  
C 
c FLSASSER b2c TRAKSMISSIVITY C A L C U L A T ~ O N  
C 

1 3 0 0  ~~~~H=USUCb+lr292E'3*~1P~~/1017.2)**2*(273/TAV**l5* WW2(11)  
l * ~ S ) * l . E " l  

A R G P = A L O G ~ O ( L S ~ V ~ )  
CC 1 3 1 8  N c - 1 . h ~  
A R G ~ = A ~ G B + ( @ P R L ~ ( R ~ ) - ~ . ~ F - ~ * ( ( ~ ~ ~ , - T R A ~ ~ / T B A R J * ~ A V E L ~ N Q ) * * ? + A L ~ G ~ O  

1 ( 2 9 3 e / T B A R ) )  
CO 1 3 2 0  NGCz2.49 
IF(TQANSH(NCG)-AKGA) 1 3 2 0 . 1 3 1 7 * 1 3 1 7  

1 3 2 0  CCNTINLE 
1 3 1 7  KCZZNCG-1 

TAL!-20 [ N u )  = ITFANAH ( h C 2 )  * ( T M H ( N Q 0 )  -TRANAH (NQ2) ) *  ( A R G A - T R L ~ ' ~ ~ -  ( i \ i ~ 2  
1 ) )  / ( T R A N ~ F  ( N c G ) - T H A ~ v s H ~ ~ ~ ~ ~ )  1 )  / lUoe*EXP( - lO , * * (CcNTUM(Nb)  )*l:Slit'u) 

~ F ( T ~ L J ~ : ~ ~ ( N C ) - ~ . )  1 3 3 0 r 1 3 1 8 e 1 3 4 0  
1 3 3 0  1 ~ ( T A U k 2 C ( ~ C ) ) 1 3 3 1 * 1 3 1 ~ ~ 1 3 1 8  
1 3 3 1  T P L C ~ O ( ~ C ) = O ~  

GCTC 1 3 1 8  
1 3 4 0  T P U C ~ O ( ~ G ) = ~ .  
1 3 1 0  C P ~ T  INLE 

GCTC 1301 
C 
C FLSPSSER CC2 TRAKSMISSIVITY CALCULATION 
C 

1 2 0 0  U ~ L N C = L S ~ C C + ( F A V / ~ ~ ~ ~ O ~ ) * * ~ * ( ~ ~ ~ . / T A V ) * * ~ *  C W l ( I l ) * C S  
A R C ~ = A L O ~ I C  ( L S ~ M C )  
CP 12U5 N 6 = 2 r 1 5  
~ ~ ( ~ 0 R ~ ~ ( h C ) - P R ~ e ) l 2 0 5 ~ 1 2 0 6 * 1 2 0 6  

1 2 0 5  CPNT I N E  
1 2 0 6  NC2=VC -1 

~ w G ~ = C C K ~ , P ( ~ C ~ ) +  (CORLUA(NO)-CORLUP (h 'O2) )*(PRGB-CORLu (NQ2) ) /  (KPLU 
I ~ N C ) - C C R L L ( N G Z ) )  
cn 1 2 1 8  N C z l r h N  
IF ( h A V E L ( A G ) - t 6 7 . )  1 2 1 1 9 1 2 1 1 9 1 2 1 2  

1 2 1 1  p ~ z 4 . 6 ~ ~ ~  
CCTC 1 2 1 3  

1 2 1 2  A A = ~ * ~ E - ~  
1 2 1 3  P R C P ~ A R G ~ + ( B P R L C ( N ~ ) - B A ~ ( ~ ~ ~ ~ - T B A H ) / T B A R * ~ W A V E L ( N Q ) - ~ ~ ~ . ) * * ~ +  

141 C ~ l 0 ( 2 9 3 e / T e P ~ )  ) 
r r  1 2 2 0  N ~ G = 2 t 7 3  
1 ~ ( ~ R A ~ S ~ ~ h C C ) - ~ ~ ~ ~ ) 1 2 2 0 t ) 1 2 1 7 ~ ' t 2 1 7  

1 2 2 0  C C N T I ~ L E  
1 2 1 7  h 1 ~ 2 = ! ~ ~ - 1  

TALC OR(^^) = (TRPNPC ( N c ~ )  + (TRANAC(I\IGC)-TRA~IAC (NGZJ ) * ( A R G A - T ? P " ~ c  (1102 

l j  ) / ( T F A ~ ~ C ( ~ C C ) - T R A N S C ( F ~ ~ ~ )  ))/100. 





i o e c  C C N T I N L E  
C C  2 5 6 C  N ~ = l q h N  
s L C P E ~ = ( T E ? L  ( ~ C I J I ~ ) - T ~ L  ( ~ ~ 9 ~ 0 2 )  ) / S O .  
C C N S T L G T B L  ( K G  1 ~ 9 3 )  " ~ o O . * S L O P E I  
V I = P R G ~ * S L C P E ~ + C C N ~ T ~  
s L C F E ~ :  ( l E L  ( K C ~ I A V ~ ) - T R L ( N Q * I P * ~ )  /50 .  
C C N S T ~ = T B L ( R G I I A I ~ ) - ~ O O . * S L O P ~ ~  
v ~ = A Q G B * S L C P E ~ + C C ~ S T ~  

256C V A L  ~ Y Q ) = ( v ~ = - v ~ ~ * R A + L ~  
cr-cve 2 2 1 5  

7 0 8 5  I P = K - 1  
R P = I A R ~ B " B ( I ~ ? )  ) / (B (K ) -P ( IB ) )  
00 8 0 0 3  N G ' L s ~ N  
V I = H A * ( T B L ( N C ~ J ~ I B ) - T B ~  ( N G I T A I I ~ ) ) + T B L ( ~ O I I A , I B )  
v ? = R A *  ( T t j L  ( ~ C ~ J ~ K ) ' T B L ( A ~ ~ I A ~ K )  ) + T R L  (~!QIIA~K) 

8003 V P L ( Y G ) =  ~ 1 + ( b 2 - L 1 ) * R B  
C 
c FRRCH I~BICATCRS 
C 
C - 3  C Y E  OF T h F  I N D I C E S  IS h E G A T J V E  
C -6 F R E V l C L S  ERRCR HAS NOT BEEN AcKNOWLEOGED 
C 

5 0 9 ~  1 ~ ( E ~ ) 1 0 u 5 , 1 ~ ~ 5 r 2 2 1 5  
lOC5 ~ R I T E ( L ~ * ~ ~ ~ ~ ) I A I I ~ ~ R A ~ ~ R ~ J ~ K * V ~ ~ V ~ I ' J A L I A ~ G A Q A R G B I E R  
2 0 2 2  ~ ~ R ~ ~ T ( 1 H O t 2 ( 2 X 9 1 2 ) r 2 ( 2 X 1 F 8 . 4 ) , i ( 2 X * ! 2 ) * 2 ~ 2 X e F 8 e 4 ) ~ 2 ~ ~ ~ 8 ~ 4 ~ 3 ( 2 X 1 ~ 8  

1 . 4 ) )  
I F  ( E 9 + 3 )  1 2 6 0 9 1 2 6 1 * 1 2 6 0  

1 2 6 1  ~ R I T E ( L ~ * L ~ ~ ~ ) E R  
1 2 3 2  ~ f ? R b ' A T ( I ' + r 3 2 t -  PLASS DOPPLER INDEX 1 5  ~EGATIVE) 

GCTC 1 2 3 '  
1 2 6 0  1 ~ ( E R + 6 ) 1 2 3 3 9 1 2 4 1 9 1 2 3 3  
1 2 4 1  h F 1 t E  ( ~ 2 * 1 2 4 2 ) ~ u  
1 2 4 2  F c R P A T ( I 4 e 4 1 b  P R E V I O U S  ERROR h 4 S  NOT BEEN ACKNOkLEDGEg) 
1 2 3 3  F R = ~  

C;CTC i i a 1  
C 
C PI  ASS cOL T R A A S M I S S I V I T Y  CALCULATION 
C 

2 2 1 5  CC 7 0 0 5  N c = l , h ~  
Y P P R = ( ( ( ~ ~ ( N G ) * F L ~ ) + C Z ( ~ \ ~ ~ ) ) + F U Y + C L ( I \ ~ Q )  ) * F U N * C O ( N Q )  
Y=YFAR+ ('1 (kG) + e l  ( N Q ) * F U N ) * ( T B A K - L ~ O ~ )  + ( A 2  [NQ)  + a 2  ( N Q ) * F U N )  * ( T F A R ~ + T  

l ~ b R - 6 2 5 0 0 e  ) 
1 ~ ( ~ + 8 5 * ) 7 C 2 1 r 7 0 2 1 9 7 0 2 2  

7 0 7 1  TPIJCOR ( h O ) = l .  
c r T C  7 0 0 5  

7 0 2 2  T P O ~ E R ;  ("EXP ( Y  ) 
T F  ( ~ ~ O k E ~ + 8 5 . )  7 0 0 1  9 7 0 0 1  9 7 0 0 2  

7 0 0 2  TPLCOR ( k Q )  = E X P  ( T P C ~ E R )  * ( I..-VAL (m 
GCTC 7 0 0 9  

7 0 0 1  TPUCOR(NQ)=O.  
7OC5 V A L  I N Q )  '0. 
1 2 9 9  GCTC ( 1 3 0 1  t 1 3 0 C  9 ~ A 9  

1 3 0 1  GCTC ( 1 4 0 1  9 1 4 ~ ~ )  q ~ A 1 0  
c 
C  SPECTRAL S L B I ~ \ T E R V A L  RADTANcE CAI-CULATION 
C  
l4Cl DC 7 7 7  k O = l r h h  

TALCOR ( N C )  =? '~LCOR (Nc )  *TULJHZO (r .1~3) * T A U O ~  ( N Q )  
2 1 5  F F R = E E R + I P L C C G ( N G )  

D T = T A U P R ( ~ C ) - T A L C O R  (NC) 



T A L P ?  ( K G )  = T A L C C t ?  ( k c )  
P P = T ~ " ~ A V E L  ( h ~ ) * * 3 /  ( E X P  ( T Z Q H A ~ E L  ( h ~ )  / T A V ) - ~ . ~  
~ C T C ( 1 1 3 C ~ 1 1 3 1 )  r P A 5  

1 1 3 1  v L ~ P D A = ~ ~ ~ ~ O ~ * ~ O / P ( I ~ ~ I ~ T ) * ~ ~ U T ( T ( I ~ ~ ~ T T ) / T O )  
V L  TE=TPETP/ (TI -ETP+VLAVDA) 
P P = @ ~ * V L T E  

1 1 3 0  I ~ ( ~ l 7 7 1 9 1 7 7 C c . 7 7 1  
7 7 1  nT=TAbcON ( k c )  

1 7 7 0  C C T C ( 7 7 0 * 1 1 5 7 ) ~ M ~ l l  
1 1 5 7  A R R A Y Z ( N ~ ~ E L L ) = Z ~ ! A H  

GCTC ( 1 1 5 8 , 1 1 5 ~ , 1 1 5 8 )  . J C  
1 1 5 8  c T C Z ( N S ~ ~ L L I K C ) = C ~ / D Z * I ~ F ~  

GCTC 7 7 0  
1159  ~ T C Z ( N S H E L L I N C ) = C T / ( Z ~ * O Z ) * ~ * E ~  

Y S ~ - E L L = N ~ ~ E L L + ~  
DTCZ ( R S P t L L  r h Q )  =CT/ ( 2 . * ~ ~ ) * 1 . ~ 5  
ARRAYZ (M5k E L L )  =ZBAR 

7 7 0  CR=CT*B@ 
7 7 7  R T  ( N Q )  = K T  ( L C )  +OR 

f ~ ( E € R = T P L C A t ) 5 5 0 * 5 5 0 ~ 7 8 ~  
7 8 1  40TC N D Z *  ( 3 1 ~ * 6 0 , 8 0 0 * 3 3 0 )  

C 
c T P N F E ~ T  ~E IG I - I  CALCLLUTIQN 
C 

1 1 8  H ~ P = ( R E + ~ ) / E T P  
GCTC ( 7 4 r  l R C 3 )   PA^ 

1863  IF ( P S I  ( I P P C )  ) 7 4 9 7 6 * 7 4  
7 6  r T T = 3  
7 4  cCTC ( 6 4 0 9 6 3 C )  +PA3 

6 3 0  I ? T F = ( ~ T P - ~ E - Z ( I O )  ) / ( z ( I L I - Z ( I O ) )  
P F P = P ( I O * I T T ) + D I F * ( P ( I ~ ~ I T T ~ - P ~ I O , ! T T ) )  
T T T = T ( I O ~ I T T ) + D I F * ( T ( I ~ ~ I T T ~ ~ T ~ I ~ ~ I T T ) ~  
PAW=.S* (PFP+P( IO , ITT) )  
T A V = ~ ~ * ( T T T + T ( I O I I T T ) )  
~ T P P Q = ~ T P  
E T A = ~ . + ( ~ P V * ~ ~ ~ ~ ~ ~ E - O ~ ) / T A V  
WTP= (RE+h)  /ETA 
IF (A95  ( h l F - b T ~ P ~ ) - 1 . ~ - 8 ) 6 4 0 . 6 4 0 , h 3 0  

C 
C CFbTEA S ~ E L L  AT ThE T A r  GF&T h t T G h T  
C 

64C J C = 2  
P P P = P ( I L * I T T )  
T T T = T ( I ~ * I T T )  
Z Z Z = Z ( I l )  
D I F = ( ~ T P - ~ E - z  ( 1 0 )  )/(z(IL)-Z(IO)) 
P ( ~ ~ ~ ~ T T ) = F ( I C ~ I T T ) + D ~ F * ( P ( I ~ . I T T ) - P ( ~ O ~ I T T ) )  
T ( I ~ + I T T ) = T ( I c v I T T ) + C I F X ( T ( I ~ , I T T ) - T ( ~ O ~ I T T ) )  
~ ( I ~ ) = Z ( ~ C ) + C I F * ( Z ( I ~ ) ~ Z ~ I O )  
D ? = ( Z P R E V - Z ( I ~ ) ) * S N  
Z P R F V = Z  t L C )  
D s = ~ ~ * ( ( K E + Z ( I O ) ) * * ~ - ~ T P * ~ T P ) * * ~ ~  
I-TPzHTP-HE 

77  PSSIGN 7UTC no1 
FCTC 1 0 0  

7C AqSIGh 8 O O T C  NC2 
G ~ T C  ZOO 

8 C C  J C = 3  
P ( I ~ ~ I T T ~ ; F P F  
T ( I ~ , I T T ) = T T T  



z(I1)=ZZ~ 
IF L 1 T 1 - 3 ) 8 C 2 r 8 0 3 , 8 ~ 3  

803  I T T = ~  
BC2 IFNCD=IO-1 

c.h'=- 1.0 
C 
C F T N P L  S H ~ L L  ITERATION 
C 

CC 8 0  V 3 ' l r I E h D D  
I I = I E N C C + ~ - V ~  
r n = l L + l  
GGTC ( 8 7 9 1 1 4 2 )  9MR4 

1 1 4 2  GCTC ( 8 5 9 8 7 )  r I T T  
8 5  TF(Z  ( I l ) ' Z T S T ) 8 7 * 8 6 + 8 6  
8 6  I T T = ~  
87 ASSIGN 9 0  TC N D l  

BCTC 1 0 0  
9 0  AqSIGM 3 j C  f C  NC2 

GCTC 2 0 0  
33C IF ( 1 T T w 3 ) 8 0 , 3 3 5 r 3 3 5  
3 3 5  1 T T s 2  

E C  CCNT INUE 
C 
C ~ L T F U T  CATA 
C 

5 5 0  P = P / ( l r E 0 5 )  
I - T P S H T P / ( ~ . E C ~ )  
R Z T C T ( J J ) = C .  
oc 5 1 0  IJ= l r f i :h  
R T ~ ( ~ J I J ~ ) = R T ( I J ) * D V ( I J ~ / ] . O O O ~ * F ~ L T E R ( ~ J \  

510 R?TcT  ( J J ) = R ~ T c T  ( J J )  + p T 2  ( 1  J V J J )  
GOTC ( 1 1 6 1 r 1 1 f ? 2 )  .WALL 

C 
C ~FIcHTING FLMCTICN GCTPUT 
C 

1 1 8 2  h ~ I ~ E ( L 2 * 2 1 8 5 )  
7 1 8 5  F c R V ~ T ( ~ H ~ ~ ~ ~ ~ C E I G H T I N G  FIJNCTIO~YS) 

CC 2 1 8 2  I = l r h ' S H E L L  
~ R I T E ( L ~ ~ ~ ~ ~ ~ ) R H R ~ Y Z ( I )  

2 1 8 6  F c R V A T ( ~ H  * 9 h P L T i T u D E : r E 1 5 1 8 )  
7 1 8 2  INRITE ( L Z * M )  (CTDL ( 1  9w3) r U 3 = l  t N Y )  
1 1 8 1  J J = J J + l  
4 0 0 1  I ~ ( ~ J " Y ) 5 0 0 r 5 ~ O t 9 9 5  

9 9 5  6CTC ( 7 1 0 * 7 1 1 )  rMB1 
C 
C  SPECTRAL SLBIATERVAL RADIANCE QLTPuT 
C 

711. GIRITE (L.49996) ( R T 2 ( h C r l )  c ~ ~ = l r 5 )  ~ L . A Y E L + I E V U  
9 9 6  ~ ~ ~ P 4 ~ ( 5 t 1 3 . 6 r l B * I 7 )  

M3t+=Y*NN 
k ~ I T E ( L 4 * 9 9 7 1  (RT2 ( N L . ~ )  r r \ l ~ = 6 r 1 ? 7 V )  

997  ~ ~ R b ' 4 T ( b t 1 3 0 6 )  
71C G ~ T C  ( 7 1 2 9 7 1 3 )  rM82  
7 1 3  E r  1 5 0 8  J J = ~ * P  

CC 15U9 N G = l r h N  
15'29 R T T Z  ( J J * N G ) = R T Z  ( N C ~ J J )  
1 5 0 ~  CPNTINLE 

EC 1 6 7  N C t l r R h  
M P L C T I ~ ) ' ~  
N P L C T ( ~ ) = ~  



~ R I T E ( L ~ v ~ ~ ~ ) R Q , I E N D  
1 6 8  F C R V ~ T ( ~ H ~ * ~ ~ C S P E C T R A L  S U E I N T E R V ~ L  r 1 3 9 2 9 H  R A D I A N C E  PkCFJLF OF DAT 

1 A  s ~ T . 1 3 )  
CALI.  PLOTS ( R T T Z  . c T  *NPLoT,HPLCT) 

1 6 7  CONTINLF 
7 1 2  ~ ~ T C ( 7 1 4 + 7 1 5 ) q M B 3  

C 
C T C T A L  R A D l P N C E  GLTPUT 
C 

7 1 5  k ~ I T E ( L 5 . 9 9 6 )  ( R 2 T G 1  (hG) 9 4 1 W = l t 5 )  *LPSEL,~EFJD 
k ! - ? I T E ( L 5 * 9 ' ? 7 )  ( f ? 2 f c T ( h ~ ) t ~ ~ = b * k l  

7 1 4  ~ ~ T C ( 7 1 6 ~ 7 1 7 1 9 M B 4  
7 1 7  h l ~ L C T ( l ) " l  

NPLCT ( 2 )  =1 
MPLCT ( 3 ) ' V  
NPLCT 
r\'oLCT ( 5 ) = 1  
t\'pLCT ( 6 ) = 1  
NPLCT ( 7 ) = 1  
k ~ I T E ( L 2 * 1 6 9 )  IENC 

1 6 9  F P R ~ ' ~ T ( ~ ~ ~ * ~ ~ ~ T C T A L  R A O I A V C E  P 4 L F I L E  OF DATA S E T . 1 3 )  
CALL PLC I S  ( R 2 7 0 T e H T  II\FLOT.HPLUT) 

7 1 6  ~ O T C ( l l 8 3 ~ ~ l ~ 4 1  V N A ~  
1 1 8 4  I O = I O + l  

~Fl!Q-RU~bT5)889,8H9,888 
1 1 8 3  ~ O T C ( 8 8 8 * l l B b ) v M ~ ~  
1 1 8 6  IAEC=IPBC+~ i 

~F(14B~-NFSI)899r8u99888 
8 8 7  c T C P  7 7  

E & C  
S T B F T c  P C 2  

SLBROLIT I N €  P L C T S  ( Y  *x .N,h )  
r y V c Y S I C N  T ( 1 ) 9 X ( l )  r u ( l ) . ~ L c T ( l Z O )  , V M A X ( 2 )  * V M I N ( 2 )  q k  (1 )  
D Y V E Y S I C N  K ( 4 . 1 )  ,hb ( 2 )  e M U ( 2 )  c t ,A \ I~ (100)  
C l p E Y S I C N  Ph (10 )  + C V ( 1 0 )  
C O ~ V O N  AN rF/V ~ F E R I C D  . P L U S . D A S ~ ~ ~ I ~ I U S ~ R L P I J K *  I T B c D  
FCLIVALENCE ( f \ I l r h f l ~ E ( l ) )  9 ( h 2 c y i ~ \ / t  ( 2 )  1 ,  ( M ~ * N A V E ( ~ )  1 ,  ( " 4 v t 1 ? b ~ ( 4 ) )  

1 ( \ 5 t Y A V E ( 5 )  ) 
FGLT?IAL€NCE ( v E ~ ~ P X ( ~ ) * X ~ A X ) * ( V ~ A X ( ~ ) , Y M A X ) ~ ( V ~ I N ( ~ ) , Y ~ * : ! ) +  

1 ( V M X N ( 2 )  t Y V I N )  
R F P L  MIF!IIs 
7FHr=Af\' ( 1 )  

C SAVE & 
I Z 1  
p r  1 K = 1 * 2 5  
rc 1 ~ = 1 * 4  
K B V F ( I ) = N ( J I < )  

1 1 = 1 + 1  
c C C V F ~ T E  Y U P F ~ F  C F  P C I ~ ~ S ( ~ X )  T O  e t  PLOTTED 

N X = C  
CC 2 I : l q h l  

2  Y X = A Y + N P V E ( ~ * I )  
c I ~ I T I F L  J Z ~  SC~TIYG P C I N T E R S  

r i  1 = 1  
1 1 2 = 1  



JC a 1  
X W I ~  = % ( h ' 5 )  
XVbx = X ( h 5 )  
1N r l  
N ( l ~ l ) = o  
~ ( 2 ~ 1 ) = ~ 4  
f \ l ( 3 r l ) = h f ,  
~ ( 4 * 1 1 = 8  

6: SCRT CCCP 
r3=c 
nc l o  I = l v F \ ' l  
13=13+3 
K N = ~ ~ V E (  I 3 + 1 )  
K x = ~ N c l + N b V ~ ( 1 3 )  
~ ~ = h 4 L E ( I 3 + 2 ) - 1  
I F ( I e G T . 1 )  EC TC 3 
Kkf=K'J+l 
, J X = J Y + ~  

3 cc 1 0  K=KP ~ K X  
I N  = I N  +1 
JX .;JX*L 
F \ ' f 4 $ 1 N ) = 3 # 1 + 5  
N ( 3 v I N ) = J X  
IV(Zv IN)=K 
N ( l t I N ) = O  

C SAVE VAXIMLP ARE I~INIVW INDEPENDEVT V A R l A R L E  VALUES 
IF(xYIN.LT.%(JX)) GO TO 4 
X ~ I V  = X ( J X )  
GO TO 5 

4 IF(xYAXIGT~X(UX) ) GO TO 5 
XNPX = X  ( d x )  

5 J = I L ~  
J Y S N ( 2 r J )  
IF(Y(K).LL.Y(JY)) GO TO 8 

C Y ( K )  I S  L A R G ~ S T  VALUE FOUND* PLACL AT TOP 9 F  L I S T  
t L 1  = I N  
t t t l ~ I N ) = J  
T-C T O  I 0  

6 IF(Y (K)  eLTeY ( J Y ) )  GC TO 8 
C PLPcF Y t K )  IN VICCLE CF LIST 

7 N f l * I N ) = J  
N I ~ * J O ) = ~ R  
GO TO 1 0  

8 I F ( N ( 1 r J  )eLE.O) GO TO 9 
C PRC?EEC OOkN L 1 5 T  

JC=J  
J a N f l r J O )  
~ Y : h ( 2 t J )  
GC TO 6 

C PLPFF Y I K I A T  @CTTCM CF L I S T  
9 ~ f l t J  ) = I n  

11 2 =Ilu 
10 CCNTINUE 

T L l l = N ( Z * I L l )  
YNP%=Y ( I L 1 1 )  
~ ~ 2 2 s N ( Z * l L z )  
Y ~ I ~ = Y  (IL22) 

C P L C T  L O C O  
NFP=3*N1+1 
J= 1 



TF ( Y 2 e E L . l )  C C  TC 6C 
F 7 - 1  
L T P = ~ * J + ~ * P  1 + 4  
YNPX=H (!-I? ) 
~ t d r h = ~ ( L I ~ + l )  
XtJAX=H ( L I ?  + 2 )  
XC I ~ = H ( L I ~ .  +3) 

6C C C R T I N L E  
F P P = N P F + L  

C D E T F D ~ ~ I \ E  hLFEEF? C F  L'flGF5 f.Op J 1 H  G F A P H  NPY X NPY 
p. F X = " A X C  (I~PVI: (NPF r 9 1) 
W P Y = ~ A Y ~  (I P V C  ( N p c + L )  ,1) 

= ~ ~ U * ~ I P X  
C C E T F R ~ I ~ E  LI ' :17S FCK ,-TI{ G R A P H  

P r  1 3  1 = i 9 2  
CNL  = 1.1~ L C P T  ( N L )  + .00~1001 
I ,  = A B S ( ~ I ~ P X ( I ) - L I . I ~ I ( I ) ) ~ O ~ \ ~ L  
1 = I  *06*11 
T F  ( . l E l u * ( . . ~ T .  ( ~ L ~ ~ ( \ / ' : A X ( I ) )  + A q S ( V  \ I I , I ( I )  ) )U=+O+*t '&4S( \ j  ' i \% ( 1 ) )  
h t l (  I )  = A L C c l i )  ( L )  
hit, ( 1 ) =NlJ ( I ) - 1 
TF(L .LT .~ . )  f + 1 ~ ( 1 ) =  P ~ ( T ) - I  

= u * l u . * r  ( -NL ( I )  I 
b " , ( J ) =  or-1 + .EJ 

1 1  K=A9'I 
T F ( ' J U ( 1 1  * k T e r J ~  ( K )  5C TQ 11 
M I  ( 1 )  =b'd ( k  ) 

Gr '13 1 2  
11 C C Y T I N L E  

" 1 , ( 1 ) = 1 0  
YI ( I ) = N I ? ( I ) + I  

1 2  IF( I . ,GE*L.)  EO TC 1 3  
1 3  NL : h O * N P Y - 5  

C D E T E D ~ J  I N E  v I ' q I 1 u ~ N  INCEPESCFIVT V A L ~ J ~  (YI~IV) ON GRADH, F I T S T  7i4T q~ (-IRE, 
C ( L F I ) ,  A Y D  V ~ K T I C Q L  A A I S  L I w F ( L V ~ )  

L 5  = Y L ' ( l )  
LX = l C @ * * ( V L ( l ) )  
t x = L5*Lx 
1-5 = 5,*Lx 
L v A S 9  
L P I = 3  
I F ( xYAx .LE~c . )  c c  T C  15 
Y N f L  = - 7 e 5 * C ~  
l ~ ( ~ q I k . L l r ~ h ' 1 ~ )  OC 1 C  14 
~ F ( ~ Y l l \ e ~ l r  ( . l * ~ k A x )  ) X V I L  = Y ~ I L  + C / ~ * F L O A T ( I F I X ( X V ~ \ / ~ ~ ) )  
cc T O  1 5 1  

1 4  L =  - X C 1 b / 1 5  
L v A = L V P + ~ * L  
I F  ( L * k E o  ( 2 s  ( L / 2 )  ) 1 L P I = 3  
X V I L  = X N I V  - F L c P T ( L ) + L ~  



16 L a  Y M A X / ( ~ C . * L Y )  + 1. 
IF ( A B S  ( Y M 1 h / ~ y )  ~ c ~ ~ F L o A ' I '  ( h O * l ~ t ~ v - l U + i - ? )  1 GO TO 17  
~ 1 4 ~ = 3 + 1 0 * ~  
XPCU = UY* ( F L C A T  ( 1 0 * ~ + 2 )  +. 5) 
Gt? TO 1'3 

1 7  1 I - 4 t l O * L - 2  
I 12CV38 
XYCU = b Y * ( F L C A T ( l U * L - 3 ) + . 5 )  
cc TO 19  

18 L H P : ~  
x ~ c u  = - 2 . 5 4 ~ ~  
I F ( ~ Y K ~ Y * C - T I ( - . I * Y ~ I ' L ) )  XMOV = X I ~ O V  + U 5 Q F L O A T ( I F I X ( Y ' / P X / Q ) )  

c P R I A T  ~ E A D I I ~ G S  c h  F I G S 1  PAGE 
1 9  ~ ~ 3 3 * ~ 1 + 7  

I l N E = l + ( K 1 + 3 ) / 4  
PX+C 
CFLTAX = 1lo.wbx 
x V I K N  = XRTU - CELTAX 
XVPXX hE I V  
PC 50 1 = l + h ~ X  
LFCUL=LFCL 
i pCL=LFr  

C S T P R T  G R A P ~ I N c  L C C P  
xV1hN = XE I K h  + CELIPX 
XPAXX = XPPXX + CELIkX 
I x = v x + 1  
V X ' W X + ~ L U  
I ~ K ~ = b l F y * b C - 5  
!F ( ! . tC . i )  G O T Q 2 1  
I l N E = O  

21 T F . ( L I ~ F . G ~ . . ~ )  GC 23  
I TNE=LI~~+I 
W R I T E  ( I  l ~ C C ~ 2 2 )   LANK 

2 2  F C R V ~ T ( A ~ )  
GC 70 2 1  

23 I.TNE=l 
C S E P G C H  TO F I N D  NAXIMLM VALUE TO B E  P Q I N ~ E D  

xVCUH = X V O V  
J P ~ I I - 1  
JY:~ '  (2,JI.') 

2 4  I F ( Y ~ J Y ) ~ L E , X V O V H )  G O T 0 2 6 1  
J F S ~  ( l r J P )  
IF(JQ*LE.C) GC I C  2 6 1  
J Y = A  (29JI.') 
Cc- TJ 24 

2 5  XVOUY = xbcVl-  - LY 
IF(LINEIG~ e L 1 h ~ )  GO TO 3 5  
L T N E = L I ~ ~ + ~  

c A R F  T ~ E R E  v N E S  T C  e t  P L G T T F ~  
I F ( . J P * L E * C )  GC T C  252  

251. IF ( Y  ( J Y )  *(E.xIcv~) GO T O  2 8  
252 k n l l E  ( I T P C C t 2 6 )  PLCT 



2 6  F c R V A T  ( ( ~ ( 2 C b 1 )  ) 

2 6 1  I F ( L T ~ F . ~ L . L I - P )  c c  TL l i i  
PC 262  l l = l t l Z C  

2 6 2  P I C T ( I I )  z pLpr!K 
IF(LI I \ 'E.~~.  ( l l - ~ + l  ) )  G p  I(; '731 
J F ( I  V A . L ~ , L X )  GC 2 5  
T F ( L J ~ . G ~  . "x)  GC T r l  ~5 
P L C T  ( L  VI\) = C P S h  
I F  ( L I I I E * N F  I L P C L )  GO To 7 5  
I F C L " L P D L I ~  
P L C T ( ~ . V A )  = PLLS  
T F  ( L I N E * ~ ~ ~ ~ L F C V L )  GC 70 2 5  
L P C V C = L I ~ ~ L L +  LC 
J P E Q = L V ~  +%L ( 2 )  
T F ( , \ U ( 2 )  * C E r C )  J P F R = I  i , l-1 
A P V  = b 3 3  ( X N C \ ~ ' - . ~ * ~ Y )  
JPRV:LVAm7 
J P R X - L V A - 1  
SIC'\ = eLaeK 
r ~ ( x ~ o v h e c T . c . )  C C  TO 270 
JPRP ZJPRP+ 1 
SICh = " I L L S  

27C TF~:~O.**( ,PEG-~FK"- I )  
A P V  r I ~ ~ c C C C ~ * A E V  
AW(I) = B L P A K  
PC 2700 J P R = J F Q P * J P R x  
I F (  (JPER.EG.,P~) *AI \ JC .  ( ~ ~ ( 1 1  .El?rPLAt\rK) ) P L O T ( J P R - 1 )  = S I G N  
IF (JPR.EC.,FEF I GC TO 27CO 
IF ( J P R ~ G ~ ~ J P E R )  AN ( 1 )  =ZERC 
KK: A R V I T F N  
P L O T ( J P R )  = A R ( K K + 1 )  
ARV : e 8 V  - T E N * F L O A T ( K K )  
TEN a . I * T E N  
IF( ( K K ~ G T . o )  .ANCI IAN ( 1 )  . E Q . ~ K )  ) PLOT(JPR-I) = S I G N  
IF(KY.GT*G) P N ( 1 )  = ZFRO 

2 7 0 C  CCNT INLE 
PI G T ( J P E H )  = FERICD 
IF ( L  I N E ~ ~ C .  I L ~ A + I )  ) GO TO 2 7 4 0  
aa T O  2 5  

2 7 3 1  J P E R ~ L V A  
2 7 3 2  T F ( J D E R . L E ~ ~ O )  60 TO 2 7 3 3  

J P E R = J P E U - ~ O  
QC T O  2 7 3 2  

2 7 3 3  IF(JPER.N€..LvA) GC TO 2 7 3 4  
IFILVA.LT.LX) G O T 0 2 7 3 4  
T F ( L v A * G E . P x )  GO TO 2 7 3 4  
PLCT (JPER)  = CASB 
6C TO 2 7 4 0  

2 7 3 4  APV SJPEH 
SIGA = BLANK 
APV = L X A ( A @ v - r 5 )  + XMIhN 
JPRP =JPkR-6  
I F ( J P R b ' e L E . 0 )  GO TO 2740 
JPRXS J P E H  
l ~ ( h U ( 1 )  .LT.c) JPRX=JPER-NU ( 1 )  -1 
TF(JPRXIGT.LZC) GO TO 2 7 4 0  
IF(PSV.G%.C.) GO TO 270 
APV a -ABv  
STGh = PIhLS 
C.0 T O  270 



50 C C N T I N V E  
5 1  ~ h ( l ) s Z E H c  

R F T l  RN 
END 

B I B F T c  PRTYT L I S T r D E C K  
S L ~ R I Y U T I N E  P R I N T  ( N 1 * & 2 1  

C L I S T  RAC BCC PRINT TAPE 
C FRCV N 1  T O  N Z  PRINT L I N E S .  
C 

D A T A  E L A K K / 6 b  / 
2 FCRVAT 1 2 L A 6 )  
3 F C R Y A T ( ~ ~ ~ ~ C P R D  INPUT ERROR t 3 ~ I V 1 ' . * I 5 t 5 X t 3 H N 2 = r I 5 )  

n r V E N S I C N  P L N ( 2 2 )  
I F (  ( N ~ . L T . ~ ~ ) . c R .  (N~.LE.D) e C R .  ( IUZ*LE.O)) GO TO 30 
l F ( h l . E C ' 1 )  CC TC 20 
N r N 1 - 1  
OO 10 I = l * h  
nc F K g 1 9 2 2  

9 P L ~  IK) =BLANK 
1 0  CALI. AREflC ( P L A )  

h12 = N 2  ' h 
2C PC 2 5  1 = l r N 2  

OC 7 1  K " l r 2 2  
2 1  PI N ( K I  = @LANK 

CALL  -AREPc ( P L ~ )  
2 5  N R I T ~ ( ~ $ L )  P L N  

RFTLRN 

AREPC SAVE 
CL A 3 * 4  
5 T d  FLR 
CLP TkRC 
TNZ REPC 
T S X  eCPEh 9 4  

PZE P I K  
S T L  ThRC 



REPC f S X  eREQCv4 
PZF A I h  9 *ERR 
PZE ECF 9 ,ERR 

P L h  i C G T  C t , * i i  
RETlJRN AREPC 

TkRC P Z F  
EOF CALL .EXIT, 
ERR CALL C L p P ( = 0 * " 7 7 7 7 7 r z 3 )  

FNC 
SIRFTC p Q T 1  L I S T 9 D E C K  

~1,eFiObT I N €  PR I N 1 1  ( N l  r N 2 )  
C L I S T  RAC BCD P R T N T  TAPE 
C FRCV N 1  TO N 2  P R I N T  L I N E S .  
c 

D A T A  e L A h K / 6 H  / 
2  FcRVAT ( 2 L P 6 )  
3 F c R ~ ~ T ( I ~ I - ~ C P R D  INPLJT ERROR , 3 H N 1 = r 1 5 t 5 X r 3 H N 2 = 9 1 5 )  

D I ~ E N S I C N  P L N ( 2 2 )  
IF( ( "J~ .LT.N~) .OR.  ( N ~ . L E . O ) ~ O R .  ( i '42aLEIO) GO TO 30 
l F ( h l . E C * l )  CC TC 2 0  
N = N l - 1  
DC 1 0  1'l.N 
DC F K r 1 * 2 2  

s PL N ( K )  =BLANK 
1 0  CALL B R E f i C ( P L h )  

N2 :: N 2  ' 
2C DC 2 5  I = 1 * N 2  

I)C 2 1  K = L t 2 2  
2 1  PI N ( K )  = @LANK 

CALL BREAc ( P L ~ )  
2 5  C R I T E ( ~ * L )  P L N  

RFTLRN 
3C W R I T E ( 6 9 ' )  Y 1 9 N 2  

STCF 
FNC 

P I A V A P  TAFR 2 0  

PLK 

TkRC 
FCF 
FUR 

CLP 
ST A 
CLA 
TNZ 
TSX 
PZE 
5 T L  
T S X  
PZF 
PZE 
ICGT 
RETURR 
PZF 
CALL 
CALL 
FNC 
L N 1  
FNT9Y 
PZE 
F I l  f? 
FNC 
L N 2  
FNTQY 
PZE 
FILE 
F ~ C  
1 N3 
FNTRY 
PZF 
F I ~  E 
FNC 

3 94 
FLN 
TCRC 
R E  AC 
.CPEh 94 
B I N  
TCRC 
.REPC 94 
B I F ; t 9 E ~ ~  
ECF t ,ERR 
O r * * *  
EREPC 
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APPENDIX A 

PLOTTING ROUTINE 

The subroutine PLOTS will provide printer plots of an arbitrary number of 
independent versus dependent variable se ts  per graph. Each graph may 
consist of any number of printer pages which when joined together form the 
complete graph. Unless specified by card input, limits a r e  taken to be the 
maximum and minimum values of the variable sets. 

The placement of the axes on the graph and the choice of units a r e  selected 
by the subroutine. Units have the form 

where m and n a r e  integers and m is restricted to the se t  

This se t  is arbitrary and may be  redefined by card input. (See fixed input 
data for program variable MV.) 

All independent and dependent values to be plotted on one graph a r e  stored 
separately asvectors,  say X and Y. Then to obtain plots, one call 

CALL PLOTS (Y, X, N, H) 

will suffice provided the arrays  N and H a r e  se t  up properly. 

The a r r ay  N is used as a work a r ray  by the subroutine and original input 
values a r e  not restored before returning to the calling program, If the 
total number of points to plot is K, the dimension of N must be greater than 
or equal t o  4 K and 

N(1) = No. of dependent variable sets  to be  plotted 
N(2) = Method of selecting limits . 1 Limits chosen from variable sets  

. 2 Limits specified by card input 
N(3K) = Length of Kth variable set  
N(3K + 1) = Fi r s t  location of the ~ t h  dependent vector in Y 
N(3K + 2) = Fi rs t  location of the ~ t h  independent vector in X 

K = 1, ..., N(1) 
N(3N(1) + 3) = No. of pages independent variable 
N(3N(1) + 4) = No. of pages dependent variable 
The restriction 3N(1) + 4 < 100 must be observed. 



The array H contains alphabetic information and, if limits a r e  specified by 
card input, the range of values to be plotted. 

H(1) = Identification of graph (not used by all programs) 

k ( 3 ~  + 5) = Symbol to be used for plot of K~~ variable set. The 
symbol code must be in the left six bits of the word. 
(To redefine the code, see  fixed data for program, 
variable SYMBL. ) 

H(3K + 6) Identification of K~~ variable set  printed - - 
H(3K + 7) with symbol. (Not used by all programs.) 

H(3N(1) + 8) = Upper limit on dependent values 
H(3N(1) + 9) = Lower limit on dependent values 
H(3N(1) + 10) = Upper limit on independent values 
H(3N(1) + 11) = Lower limit on independent values 

Running time is approximately five seconds for a one-page graph. 
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